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ILLUSTRATIONS OF TIlE LOGIC OF SOIENOE. 


By C. S. PEIRCE, 
ASSIST..\oNT, UNITED STATES COAST SURVEY. 


FIRST PAPER.-THE FIXATION OF BELIEF. 


I. 
F E"V persons care to study logic, because everybody conceives 
himself to be proficient enough in the art of reasoning already. 
But I observe that this satisfaction is limited to one's own ratiocina- 
tion, and does not extend to that of other men. 
'Ve corne to the full possession of our power of drawing infer- 
ences the last of all our faculties, for it is not so much a natural gift 
as a long and difficult art. The history of its practice ,vould make a 
grand subject for a book. The mediæval schoolmen, following the 
Romans, ,nade logic the earliest of a boy's studies after gralllmar, as 
being very easy. So it 'was, as they understood it. Its fundamental 
principle, according to them, ,vas, that all knowledge rests on either 
authority or reason; but that whatever is deduced by reason depends 
ultimately on a prenlise 'derived froln authority. Accordingly, as 
soon as a boy was perfect in the syllogistic procedure, his intellectual 
kit of tools was held to be cOluplete. 
To Roger Bacon, that remarkable mind who in tbe lniddle of t})e 
thirteenth century was almost a scientific man, the schoolmen's con- 
ception of reasoning appeared only an obstacle to truth. He sa"T 
that experience alone teaches anything-a proposition which to us 
seems easy to understand, because a distinct conception of experience 
has been handed down to us. fron1 former generations; which to hin1 
also seemed perfectly clear, because its difficulties bad not yet un- 
folded thelnselves. Of all kinds of experience, the best, he thought, 
was interior illumination, which teaches many things about Nature 
VOL. XII.-I 
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w.hich the external senses could never discover, such as the transub- 
stantiation of bread. 
Four centuries later, the more celebrated Bacon, in the first book 
of his "N ovum Organum," gave his clear account of experience as 
something which must be open to verification and reëxamination. 
But, superior as Lord Bacon's conception is to earlier notions, a mod- 
ern reader who is not in awe of his grandiloquence is chiefly struck 
by the inadequacy of his view of scientific procedure. That we have 
only to make some crude experiments, to draw up briefs of tlle re- 
sults in certain blank forms, to go through these by rule, checking 
off everything disproved and setting down the alternatives, and that 
thus in a few years physical science would 
 finished up-what an 
idea! "He wrote on science like a Lord Chancellor," indeed. 
The early scientists, Copernicus, Tycho Brahe, I\:epler, Galil
o, 
and Gilbert, had methods more like those of their modern brethren. 
I\:epler undertook to draw a curve through the places of l\Iars; 1 and 
his greatest service to science was in impressing on men's minds that 
this ,vas the thing to be done if they wished to improve astronomy; 
that they were not to content themselves with inquiring whether 
one system of epicycles was better than another, but that they 'were 
to sit down to the figures and find out what the curve, in truth, was. 
He accomplished this by his incomparable energy and courage, blun- 
dering along in the most inconceivable ,vay (to us), froln one irra- 
tional }lypothesis to another, until, after trying t'\\'"enty-two of these, 
he fell, by the mere exhaustion of his invention, upon the orbit \v hich 
a mind ,veIl furnished with the weapons of modern logic would bave 
tried almost at the outset. 
In the same way, every work of science great enough to be re- 
luembered for a few generations affords some exemplification of the 
defective state of tIle art of reasoning of the time when it was writ- 
ten; and each chief step in science has been a lesson in logic. It ,vas 
so when Lavoisier and his contemporaries took np the study of chen1- 
istry. The old chemist's maxim had been," Lege, lege, lege, labora, 
ora, et relege." Lavoisier's method w
s not to read and pray, not to 
dream that some long and complicated chemical !)rocess ,,"'ould have 
a certain effect, to put it into practice with dull patience, after its in- 
evitable failure to dream tha't with some modification it would have 
another result, and to end by publishing the last dream as a fact: 
his way was to carry his mind into his laboratory, and to make of his 
alembics and cucurbits instruments of thought, giving a new concep- 
tion of reasoning, as something- which was to be done with one's eyes 
open, by manipulating real things instead of words and fancies. 
The Darwinian controversy is, in large part, a question of logic. 
l\Ir. Darwin proposed to apply the statistical method to biology. The 
same thing had been done in a widely different branclî of science, the 
1 Not quite so, but as n
arly so as can be told in a few words. 
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theory of gases. Though unable to say ,vhat the movements of any 
varticular molecule of a gas would be on a certain hypothesis regard- 
in cr the constitution of this class of bodies, Clausius and JUaxwell 
o 
were yet able, by the application of the doctrine of probabilities, to 
IJredict that in the long run such and such a proportion of the mole- 
cules would, under given circumstances, acquire such and such veloci- 
ties; that there would take place, every second, such and such a num- 
ber of collisions, etc.; and from these propositions 'v ere able to deduce 
certain properties of gases, especially in regard to their heat-relations. 
In like manner, Darwin, while unable to say ,vhat the operation of 
variation and natural selection in any individual case will be, demon- 
stt"ates that in the long run they will adapt aJ;lin1als to their circum- 
stances. 'Vhether or not existing animal forms are due to such ac- 
tion, or what position the theory ought to take, forms the subject of 
a discussion in which questions of fact and questions of logic are curi- 
ously interlaced. 


II. 
The object of reasoning is to find out, from the consideration of 
what we already know, something else ,vhich we do not know. Con- 
sequently, reasoning is good if it be such as to give a true conclusion 
from true premises, and not other,vise. Thus, the question of its 
validity is purely one of fact and not of thinking. A being the 
premises and B the conclusion, the question is, whether tbese facts 
are really so related that if A is B is. If so, the inference is valid; 
if not, not. It is not in the least the question ,vhether, when the 
IJremises are accepted by the mind, we feel an impulse to accept the 
cOllelusion also. It is true that we do generally reason correctly by 
nature. But that is an accident; the true conclusion would remain 
true if we had no impulse to accept it; and the false one would re- 
main false, though we could not resist the tendency to belieye in it. 
'Ve are, doubtless, in the main logical animals, but we are not 
perfectly so. 
iost of us, for example, are naturally more sanguine 
and hopeful than logic would justify. We seem to be so constituted 
that in the absence of any facts to go upon we are happy and self- 
satisfied; so that the effect of experience is continually to contract 
our hopes and aspirations. Yet a lifetime of the application of this 
corrective does not usually eradicate our sanguine disposition. ""'-bere 
hope is unchecked by any experience, it is likely that our optimism is 
extravagant. Logicality in regard to practical matters is tbe most 
useful quality an aninlal can possess, and migbt:J therefore, result from 
tbe action of natural selection; but outside of these it is probably of 
more ad vantage to the animal to have his mind filled with pleasing 
and encouraging visions, independently of their truth; and thus, 
upon unpractical subjects, natural selection nlight occasion a falla- 
cious tendency of thought. 
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That which determines us, from given premises, to dray; one in- 
ference rather than another, is some habit of mind, ,,,hether it be con- 
stitutional or acquired. The hahit is good or otherwiE>e, according as 
it produces true conclusions froin true prenlises or not; and an infer- 
ence is regarded as valid or not, without reference to the truth or fal- 
sity of its conclusion specially, Lut according as the habit which 
determines it is such as to produce true conclusiolls in general or not. 
The particular habit of mind which governs this or that inference 
may be formulated in a proposition ,vhose truth depends on the va- 
lidity of the inferences which the habit determines; and such a for- 
mula is called a guiding prÙwiple of inference. Suppose, for example, 
that we observe that a rotating disk of cOppQJ." quickly comes to rest 
'when placed between the poles of a magnet, and we infer that this 
"Win happen with every disk of copper. The guiding principle is, tl)at 
what is true of one piece of copper is true of another. Such a guid- 
ing principle with regard to copper would be much safer than with 
regard to many other substances-brass, for exanlple. 
A book might be written to signalize all the most important of 
these guiding IH'inciples of reasoning. It ,,"ould probably be, "We 
must confess, of no service to a person whose thought is directed 
wholly to practical subjects, and whose activity moves along thor- 
oughly-beaten paths. The })roblenls which present themselves to 
such a mind are matters of routine which he bas learned once for 
all to handle in learning his business. But let a man venture into an 
unfamiliar field, or ,vhere his results are not continually checked hy 
experience, and all history sbows tbat the most masculine intellect 
,vill ofttimes lose his orientation and waste his efforts in directions 
which bring him no nearer to his goal, or even carry him entirely 
astray. lie is like a ship in the open sea, with no one on board who 
understands the rules of navigation. And in such a case some gen- 
eral study of the guiding principles of reasoning would be sure to be 
found useful. 
The subject could hardly be treated, hO\,\Tever, without being first 
limited; since almost any fact may serve as a guiding princil,le. 
But it so happens 
bat th
re exists a division among facts, such tha
 
il,l one class are all those which are absolutely essential as guiding 
principles, while in the others are all which have any other interest as 
objects of research. This division is between those which are neces- 
sarily taken for granted in asking whether a certain conclusion fol- 
lows from certain premises, and those which are not implied in that 
question. A mornent's thought will show tbat a variety of facts are 
already assumed when the logical question is first asked. It is im- 
plied, for instance, that there are such states of mind as doubt and 
belief-that a passage fr01n one to tbe other is possible, the object. of 
tbought remaining the same, and tbat this transition is subjeC't to 
some rules which all minds are alike bound by. As these are facts 
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which we must already know before we can have any clear concep- 
tion of reasoning at all, it cannot be suppoEed to be any longer of 
much interest to inquire into their truth or falsity. On the other 
hand, it is easy to believe that those I'ules of reasoning which are 
deduced from the very idea of the process are the ones ,vhich are the 
most essential; and, indeed, that so long as it conforms to these it 
will, at least, not lead to false conclusions from true premises. In 
l)oint of fact, the ilnportance of what may be deducerl from the as- 
sumptions involved in the logical question turns out to be greater 
than might be supposed, and this for reasons which it is difficult to 
exhibit at the outset. The only one which I shall here mention is, 
that conceptions which arc really products of logical reflection, with- 
out being readily seen to be so, mingle with our ordinary tboughts, 
anJ are frequently the causes of great confusion. This is the case, 
for example, with the conception of quality. A quality as such is 
never an object of observation. 'Ve can see that a thing is blue or 
green, but the quality of being blue and tbe quality of being green 
are not things ,vhich we see; they are products of logical reflection. 
The truth is, that common-sense, or thought as it first emerges above 
the level of the narrowly practical, is deeply imbued with that bad 
logical quality to which the epithet 'J11etaphysical is commonly applied; 
'lnd nothing can clear it up but a severe course of logic. 


III. 
"T e generally know when we ,vish to ask a question and when we 
wish to })ronounce a judgment, for tbere is a dissimilarity between tbe 
sensation of doubting and that of believing. 
But this is not all which distinguishes doubt from belief. There is 
a practical difference. Our beliefs guide our desires and shape our 
actions. The Assassins, or followers of the Old JUan of the l\fountain, 
used to rush into death at his least command, because they believed 
that obedience to him ,vould insure everlasting felicity. Had they 
doubted this, they would not ha,re acted as they did. So it is with 
every belief, according to its degree. . The feeling of believing is a 
more or less sure indication of there being established in our nature 
some habit which will determine our actions. Doubt never has such 
an effect. 
N or must .we overlook a third point of difference. Doubt is an un- 
easy and dissatisfied state from which 'we struggle to free ourselves 
and pass into the state of belief; while the latter is a calm and satis- 
factory state ,vhich we do not wish to avoid, or to change to a belief 
in anything else/ On the contrary, ,ye cling tenaciously, not merely 
to believing, but to believing just ,vhat we do believe. 
1 I am not speaking of secondary effects occasionally produced by the interference 
of other impulses. 
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Thus, both doubt and belief have positive effects upon us, though 
very different ones. Belief does not make us act at once, but puts us 
into such a condition that .we shall behave in a certain way, when the 
occasion arises. Doubt has not the least effect of this sort but stim- 
, 
ulates us to action until it is destroyed. This reminds us of the irri- 
tation of a nerve and the reflex action produced thereby; ,vhile for 
the analogue of belief, in the nervous system, 'we must look to what 
are called nervous associations-for example, to that habit of the 
nerves in consequence of which the smell of a peach will make the 
mouth water. 


IV. 
The irritation of doubt causes a struggle t<> attain a state of belief. 
I shall term this struggle inquiry, though it must be admitted that 
this is sometimes not a very apt designation. 
The irritation of doubt is the only immediate motive for the strug- 
gle to attain belief. It is certainly best for us that our beliefs should 
be such as may truly guide our actions so as to satisfy our desires; 
and this reflection willlllake us reject any belief which does not seem 
to have been so formed as to insure this result. But it will only do so 
by creating a doubt in the place of that belief. With the doubt, 
therefore, the struggle begins, and with the cessation of doubt it ends. 
Hence, the sole object of inquiry is the settlement of opinion. 'Ve 
may fancy that this is not enough for us, and that we seek, not merely 
an opinion, but a true opinion. But put this fancy to the test, and it 
proves groundless; for as soon as a firm belief is reached we are en- 
tirely satisfied, whether the belief be true or false. And it is clear 
that nothing out of the sphere of our knowledge can be our object, for 
nothing which does not affect the mind can be the motive for a mental 
effort. The most that can be maintained is, that we seek for a belief 
that we shall think to be true. But we think each one of our beliefs 
to be true, and, indeed, it is mere tautology to say so. 
That the settlement of opinion is the sole end of inquiry is a very 
important proposition. It sweeps a-way, at once, various vague and 
erroneous conceptions of proof. A few of these may be noticed here. 
1. Some philosophers have imagined that to start an inquiry it 
was only necessary to utter a question or set it down upon paper, and 
have C"ven reçommended us to begin our studies with questioning 
everytldng! But the mere putting of a proposition into the interrog- 
ative form does not stimulate the mind to any struggle after belief. 
There must be a real and living doubt, and without this alI discussion 
is idle. 
2. It is a very common idea that a demonstration must rest on 
some ultimate and absolutely indubitable propositions. These, ac- 
cording to one scl1001, are first principles of a general nature; accord- 
ing to another, are first sensations. But, in point of fact, an inquiry, 
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to have that completely satisfactory result called demonstration, has 
only to start with propositions perfectly free from all actual doubt. 
If the premises are not in fact doubted at all, they cannot l)e more 
satisfactory than they are. 
3. Some people seen1 to love to argue a point after all the world is 
fully convinced of it. But no further advance can be made. When 
doubt ceases, mental action on the subject comes to an end; and, if it 
did go on, it would be without a purpose. · 


v. 


If the settlement of opinion is the sole object of inquiry, and if 
belief is of the nature of a habit, why should we not attain tbe desired 
end, by taking any answer to a question which we may fancy, and 
constantly reiterating it to ourselves, dwelling on all wLich may con- 
duce to that belief, and learning to turn with contempt and hatred 
from anything which might disturb it? This simple and direct 
method is really pursued by many men. I remember once being en- 
treated not to read a certain newspaper lest it might change my 
opinion upon free-trade. " Lest I might be entrapped by its fallacies 
and misstatements," was the form of expression. " You are not," my 
friend said, "a special student of political economy. You might, 
therefore, easily be deceived by fallacious arguments upon the subject. 
, You might, then, if you read this paper, be led to be1ieve in }Jrotec- 
tion. But you admit that free-trade is the true doctrine; and you do 
not wish to believe what is not true." I bave often known this sys- 
tem to be deliberately adopted. Still oftener, the instinctive dislike 
of an undecided state of mind, exaggerated into a vague dread of 
doubt, makes men cling spasmodically to the views they already take. 
The man feels that, if he only bolds to his belief without wavering, it 
will be entirely satisfactory. Nor can it be denied that a steady and 
immovable faith yields great peace of mind. It may, indeed, give rise 
to inconveniences, as if a man should resolutely continue to believe 
that fire would not burn him, or that he would be eternally damned 
if he received his ingesta otherwise than through a stomach-pump. 
But then the man who adopts this method will not allow that its in- 
conveniences are greater than its advantages. He will say, "I holel 
steadfastly to the truth, and the truth is al
ays wholesolllc." And in 
many cases it may very well be tbat the pleasure he derives from bis 
calm faith overhalances any inconveniences resulting from its decep- 
tive chm'acter. Thus, if it be true that death is annihilation, then the 
man who believes that he will certainly go straight to heaven when 
he dies, provided he have fulfilled certain simple observances in this 
life, has a cheap pleasure ,vhich will not be followed by the least dis- 
appointment. A similar consideration seems to have weigl)t with 
many persons in religious topics, for we frequently bear it said, " Oh, 
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I could not believe so-and-so, because I should be "wretched if I did." 
When an ostrich buries its head in the sand as danger approaches, it 
very likely takes the happiest course. It hides the danger, and then 
calmly says there is 110 danger; and, if it feels perfectly surc thcre is 
none, why should it raise its head to see? A man may go through 
life, systematically keeping out of view all tbat might cause a change 
in his opinions, and if he only succeeds-basing his method, as he 
<.loes, on two fundamental psychological laws-I do not see what can 
be said against his doing so. It would be an egotistical impertinence 
to object that his procedure is irrational, for that only amounts to 
saying that his method of settling belief is not ours. He does not 
propose to himself to be rational, and, indeed, ,,
ill often talk with 
" 
scorn of man's weak and illusive reason. So let him think as he 
pleases. 
But this method of fixing belief, ,,"I1Ïch may be caned the method 
of tenacity, will be unable to hold its ground in practice. The social 
impulse is against it. The man ,vho adopts it will find that other men 
think differently from him, and it will be apt to occur to hilll, in some 
saner moment, tbat their opinions are quite as good as his o,vn, and 
this will shake his confidence in bis belief. This conception, that an- 
other man's thought- or sentiment may be equivalent to one's own, is 
a distinctly new step, and a highly important one. It arise"s from an 
impulse too strong in man to be suppressed, without danger of destroy- 
ing the human species. Unless we make ourselves hermits, we shall 
necessarily influence each other's opinions; so that the problem be- 
comes how to fix belief, not in tbe individual merely, but in the com- 
munity. 
Let the will of the state act, then, instead of that of the individual. 
Let an institution be created which shall have for its object to keep 
correct doctrines before tbe attention of the people, to reiterate them 
perpetually, and to teach them to the young; having at the same time 
power to lu'event contrary doctrines from being taught, adyocated, 
or expressed. Let all})ossible causes of a change of mind be removed 
fl'om men's apprehensions. Let them be kept ignorant, lest tlley 
should learn of some reason to think otherwise than they do. Let 
their passions be enlisted, so that they may regard private and unusual 
opinions with hatred and horror. Then, let all men who reject the 
established belief be terrified into silence. Let the people turn out 
and tar-and-feather such men, or let inquisitions be made into the 
manner of thinking of suspectecl persons, and, when they are found 
guilty of forbiùden beliefs, let them be subjected to some signal 
l)unishment. When complete agreement could not otherwise be 
reached, a general massacre of all who have not thought in a certain 
way has proved a very effective means of settling opinion in a coun- 
try. If the power to do this be wanting, let a list of opinions be 
drawn up, to which no man of the least independence of thought can 
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assent, and let the faithful be required to accept all these propositions, 
in order to segregate them as radically as possible from the influence 
of the rest of the world. 
This method has, from the earliest times, been one of the chief 
means of upholding correct theological and political doctrines, and 
of preserving their universal or catholic character. In Rome, espe- 
cially, it has been practised from the days of N uma Pompilius to 
those of Pius N onus. This is the most perfect example in history; 
but wherever there is a priesthood-and no religion has been without 
one-this method has been more or less n1ade use of. 'Vherever 
there is an aristocracy, or a guild, or any association of a class of 
men whose interests. depend or are supposed to depend on certain 
propositions, there will be inevitably found some traces of this natu- 
ral product of social feeling. Cruelties always accompany this sys- 
tern; and when it is consistently carried out, they become atrocities 
of the most horrible kind in the eyes of any rational luan. Nor 
should this occasion surprise, for the officer of a society does not feel 
justified in surrendering the interests of that society for the sake of 
mercy, as he might his own private intel'ests. It is natuJ;al, there- 
fore, that sympathy and fellowship should thus produce a most ruth- 
less power. 
In judging this method of fixing belief, which may be called tbe 
method of authority, we must, in the first place, allow its immeasur- 
able lnental and moral superiority to the method of tenacity. Its 
success is proportionately gréater; and, in fact, it has over and over 
again worked the most majestic results. The mere structures of 
stone which it has caused to be put together-in Siam, for example, 
in Egypt, and in Europe-have many of them a sublimity hardly 
more than rivaled by the greatest works of Nature. And, except 
the geological epochs, there are no periods of time so vast as those 
which are measured by some of these organized faiths. If we scru- 
tinize the matter closely, we shall find that there bas not been one 
of their creeds which l)as remained always the same; yet the change 
is so slow as to be imperceptible during one person's life, so that 
individual belief remains sensibly fixed. For the mass of mankind, 
then, there is. perhaps no better method than this. If it is their 
highest impulse to be intellectual slaves, then slaves tbey ought to 
relnaln. 
But no institution can undertake to regulate opinions upon every 
subject. Only the most important ones can be attended to, and on 
the rest men's minds must be left to the action of natural causes. 
This imperfection will he no source of weaknesR so long as men are in 
such, a state of culture that one opinion does not influence another- 
that is, so long as they cannot pnt two and two together. nut in the 
most priestric1den states some individuals win be found who arc 
raised above that condition. These men possess a wider sort of social 
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feeling; they see that men in other countries and in other ages have 
held to very different doctrines from those which they themselvfls 
have been brought up to believe; and they cannot belp seeing tbat it 
is the mere accident of their ba\ying been taught as they bave, and 
of their having been surrounded with the manners and associations 
they have, that has caused them to believe as they do and not far 
differently. And their candor cannot resist tbe reflection that there 
is no reason to rate their own views at a higher value tlJ3n those 
of other nations and other centuries; and this gives rise to doubts in 
their minds. 
They will further perceive tbat such doubts as these must exist · 
in their minds with reference to every belief which seems to be deter- 
mined by the caprice eitlJer of themselve"'s or of those ,vho origi- 
nated the popular opinions. The willful adherence to a belief, and 
the arbitrary forcing of it upon others, must, therefore, both be given 
up, and a new method of settling opinions must be adopted, which 
shall not only produce an impulse to believe, but shall also decide 
what proposition it is which is to be believed. Let the action of nat- 
ural preferences be unimpeded, then, and under their influence let men, 
conversing together and regarding matters in different lights, grad- 
ually develop beliefs in harmony with natural causes. This method 
resembles that by which conceptions of art have been brought to ma- 
turity. The most })erfect example of it is to be found in the history 
of metaphysical philosophy. Systems of this sort have not usually 
rested upon any observed facts, at least not in any great degree. 
They have been chiefly adopted because their fundamental proposi- 
tions seemed "agreeable to reason." This is an apt expression; it 
does Dot mean that which agrees with experience, but that which we 
find ourselves inclined to be1ieve. Plato, for example, finds it agree- 
able to reason that the distances of the celestial spheres from one an- 
other should be proportional to tbe different lengths of strings which 
produce harmonious chords. l\Iany })hilosophers have been led to 
their main conclusions by considerations like this; but tbis is the 
lowest and least developed form 'which the method takes, for it is 
clear that another man might find I{epler's theory, that the celestial 
spheres are proportional to the inscribed and circumscribed spheres 
of the different regular solids, more agreeable to his reason. But the 
shock of opinions will soon lead men to rest on preferences of a far 
more universal nature. Take, for example, the doctrine tbat man only 
acts selfishly-that is, from the consideration that acting in one way 
will afford him more pleasure than acting in another. This rests on 
no fact in the world, but it has bad a wide acceptance as being tbe 
only reasonable theory. 
This method is far more intellectual and respectable from the point 
of view of reason than either of the others which we have noticed. 
But its failure has heen the most manifest. It makes of inquiry 
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something similar to the development of taste; but taste, unfortu- 
nately, is always more or less a matter of fashion, and accordingly 
metaphysicians have never come to any fixed agreement, but tbe pen- 
dulum has s\vung backward and forward between a more material 
and a more spiritual philosophy, froIn the earliest times to the latest. 
And so from this, which has been caUed the ct priori method, we are 
driven, in Lord Bacon's phrase, to a true induction. 1Ve have ex- 
amined into this a priori method as sometbing which promised to 
deliver our opinions from their accidental and capricious element. 
But development, while it is a process which eliminates the effect 
of some casual circumstances, only magnifies that of others. This 
method, therefore, does not differ in a very essential way from that of 
authority. The government may not have lifted its finger to influ- 
ence my convictions; I may have been left outwardly quite free to 
choose, we will say, between monogamy and polygamy, and, appeal- 
ing to my conscience only, I may have concluded that the latter prac- 
tice is in itself licentious. But when I come to see that the chief 
obstacle to the spread of Cbristianity among a people of as high cult- 
ure as the Hindoos has been a conviction of the immorality of our 
way of treating women, I cannot belp seeing that, though govern- 
ments do not interfere, sentiments in their developmflnt ,viU be very 
greatly determined by accidental causes. Now, there are some peo- 
pIc, among whom I must suppose that my reader is to be found, ,vho, 
when they see that any belief of theirs is determined by any circum- 
stance extraneous to the facts, wiU from that moment not merely 
admit in words that that belief is doubtful, but wiU experience a real 
doubt of it, so that it ceases to be a belief. 
To satisfy our doubts, therefore, it is necessary that a method 
should be found by which our beliefs may be caused by nothing hu- 
man, but by some external permanency-by something upon which 
our thinking has no effect. Sonle mystics imagine that they have 
snch a method in a private inspiration from on high. But that is 
only a form of the method of tenacity, in ,vhich the conception of 
truth as something public is not yet developed. Our external perma- 
nency ,vould not be external, in our sense, if it was restricted in its 
influence to one individual. It must be something which affects, or 
might affect, every man. .A.nd, though these affections are necessarily 
as various as are individual conditions, yet the method must be such 
that the ultimate conclusion of every man shall be the sanlC. Such is 
the method of science. Its fundamental hypothesis, restated in more 
familiar language, is this: There are real things, whose characters 
are entirely independent of our opinions about them; those realities 
affect our senses according to regular laws, and, though our sensa- 
tions are as different as our relations to the objects, yet, by taking 
advantage of the la-w's of perception, ".e can ascertain by reasoning 
how things really are, and any man, if he have sufficient experience 
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and reason enough about it, will be led to the one true conclusion. 
The new conception here involved is tbat of reality. It may be asked 
how I know that there are any realities. If this hypothesis is the 
sole support of my metl.od of inquiry, my method of inquiry must 
not be used to support my hypothesis. T,he reply is this: 1. If in- 
vestigation cannot be regarded as l)roving that there are real things, 
it at least does not lead to a contrary conclusion; but the method 
and the conception on which it is based remain ever in harmony. No 
doubts of the method, therefore, necessarily arise from its practice, 
as is the case ,vith all the others. 2. The feeling which gives rise to 
any method of fixing belief is a dissatisfaction at two repugnant 
propositions. But here already is a vague 
oncession that there is 
some one thing to ,vhich a proposition should conform. Nobody, 
therefore, can reall y doubt that there are realities or if he did 
" , 
doubt would not be a source of dissatisfaction. The hypothesis, 
therefore, is one which every mind admits. So that the social im- 
pulse does not cause me to doubt it. 3. Everybody uses the scien- 
tific method about a great many things, and only ceases to use it 
when be does not know how to apply it. 4. Experience of the method 
has not led Ine to doubt it, but, on the contrary, scientific inves- 
tigation has had the most wonderful triumphs in the way of set- 
tling opinion. These afford the explanation of my not doubting the 
method or the hypothesis which it supposes; and not having any 
doubt, nor believing that anybody else whom I could influence has, 
it would be the merest Labble for me to say more about it. If 
tl)ere be anybody with a living doubt upon the subject, let him con- 
sider it. 
To describe the method of scientific investigation is the object of 
this Reries of papers. At present I have only room to notice some 
points of contrast between it and other methods of fixing belief. 
This is the only one of the four methods which presents any dis- 
tinction of a right and a wrong way. If I adopt the method of 
tenacity and shut myself out from all influences, wl)atever I think 
necessary to doing this is necessary according to that method. 
So .with the method of authority: the state may try to put down 
heresy by means which, from a scientific point of view, seem very ill- 
calculated to accon1plisb its purposes; but the only test on that 'Jneth- 
od is what the state thinks, so that it cannot pursue the method 
wrongly. So with the a prim'i method. The very essence of it is to 
think as one is inclined to think. All metaphysicians w-ill be sure to 
do tl)at, however they may be inclined to judge each otl)er to be per- 
versely wrong. The Hegelian system recognizes every natural tfln- 
dency of thought as logical, although it be certain to be abolished by 
counter-tendencies. Hegel thinks there is a regular systenl in the 
succession of these tendencies, in consequence of which, after drifting 
one .way and the other for a long time, opinion win at last go right. 
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And it is true that metaphysicians get the right ideas at last; IIegel's 
systenl of Nature represents tolerably the science of that day; and 
one n1ay be sure that whatever scientific investigation has put out of 
doubt will presently receive ((; priori demonstration on the part of 
the metaphysicians. But with the scientific method the case is dif- 
ferent. I may start with known aud observed facts to proceed to 
the unknown; and yet the rules which I follow in doing so may not 
be such as investigation would approve. The test of whether I am 
truly folJo,ving the method is not an imn1ediate appeal to my feelings 
and purposes, but, on the contrary, itself involves the application of 
the method. Hence it is that bad reasoning as well as guod reason- 
ing is possible; and this fact is the foundation of the practical side 
of logic. 
It is not to be supposed that the first three metbods of settling 
opinion present no advantage whatever over the scientific m
thod. 
On the contrary, each has some peculiar convenience of its own. The 
a priori method is distinguished for its cOlllfortable conclusions. It is 
the nature of the process to adopt \vhatever belief \ve are inclined to, 
and there are certain flatteries to the vanity of n1an which we all be- 
lieve by nature, until we are a wakened from our pleasing dream by' 
some rough facts. The method of authority will always govern the 
mass of mankind; and those who wield the various forms of organized 
force in the state win never be convinced that dangerous reasoning 
ought not to be suppressed in some way. If liberty of speech is to 
be untrammeled from the grosser forms of constraint, then uniformity 
of opinion ,vill be secured by a moral terrorism to which the respect- 
ability of society will give its thorough approval. Following the 
Inethod of authority is the path of peace. Certain non-conformities 
are permitted; certain others (considered unsafe) are forbidden. 
These are different in different countries and in different ages; but, 
,vherever you are, let it be known that you seriously hold a tabooed 
belief, and you nlay be perfectly sure of being treated w'ith a cruelty 
less brutal but n10re refined than hunting you like a wolf. Thus, thl" 
greatest intellectual benefactors of mankind have never dareel, and 
dare n0t no,v, to utter the whole of their thought; and thus a shade 
of pri?na facie doubt is cast upon every proposition which is con- 
sidered essential to the security of society. Singularly enoug1), the 
persecution does not all COlne from without; but a man torlnents birn- 
self and is oftentimes most distressed at finding hinlself believing 
propositions which he bas been brougJlt up to regard with ayersion. 
The peaceful and sympathetic man will, therefore, find it hard to resist 
the temptation to suhmit his opinions to authority. But n10st of all 
I admire the method of tenacity tor its strength, sinlplicity, and 
directness. l\Iell ,vho pursue it are distinguished for their decision of 
character, which becomes very easy with such a 111ental rule. They 
do not 'waste tinle in trying to nutkc np their n1Índs ,,-hat they ,vant, 
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but, fastening like lightning upon whatever alternative comes first, 
they hold to it to the end, ,vhatever happens, ,vithout an instant's 
irresolution. This is oue of the splendid qualities which generally 
accompany brilliant, unlasting success. It is impossible Dot to envy 
the man who can dismiss reasou, although we know how it must turn 
out at last. 
Such are the advantages which the other methods of settling 
opinion have over scientific investigation. A man should consider 
,yell of them; and then he should consider that, after all, he wishes 
his opinions to coincide ,vith the fact, and that there is no reason why 
the results of these three methods should do so. To bring about tbis 
effect is the prerogative of the method of science. Upon such con- 
siderations he has to n1ake his cboice-a choice ". hich is far more 
than the adoption of any intellectual opinion, which is one of the 
ruling decisions of his life, to whicll, when once made, be is bound to 
adhere. The force of habit will sometin1es cause a man to hold on to 
old beliefs, after he is in a condition to see that they have no sound 
basis. But reflection upon tbe state of the case ,vill overcome these 
habits, and he ought to allow reflection its full weight. People some- 
tilDes shrink from doing this, having an idea that beliefs are whole- 
some which, they cannot help feeling rest on nothing. But let such 
persons suppose an analogous though different case from their own. 
Let them ask themselves what they w'ould say to a reformed l\lussul- 
man who should hesitate to give up his old notions in regard to the 
relations of the sexes; or to a reformed Catholic who should stiU 
shrink from reading the Bible. 'V ould they not say that these per- 
sons ought to consider the matter fully, and clearly understand the 
new doctrine, and then ought to embrace it, in its entirety? But, 
above all, let it be considered that "That is more wholesome than allY 
particular belief is integrity of belie
 and that to avoid looking into 
the support of any belief from a fear that it may turn out rotten is 
quite as immoral as it is disadvantageous. The person who confesses 
that there is such a thing as truth, which is distinguisbed from false- 
hood sin1ply by this, that if acted on it ,vill carry us to the point we 
aim at and not astray, ancl then, though convinced of this, dares Dot 
know the truth and seeks to avoid it, is in a sorry state of mind 
indeed. 
Yes, the other methods do have their merits: a clear logical con- 
scienc
 does cost something-just as any virtue, just as all that we 
cherish, costs us dear. But we should not desire it to he otherwise. 
The O'enius of a man's loO'ical method should be loved and reverenced 
ö b 
as his bride, whom he has chosen from all the world. He 11eed not 
contemn tbe others; on tbe contrary, he may honor them deeply, and 
in doing so he only honors her the more. But she is tbe one tbat he 
has chosen, and be kno"
s that he was right in making that choice. 
And havinO' made it he w"ill work and fiaht for her , and will Dot com- 
b' 
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plain that there are blo,vs to take, hoping that there may be as many 
and as hard to give, and will strive to be the worthy knight and 
champion of her from the blaze of ,vhose splendors he dra,vs his 
inspiration and his courage. 
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THE GROWTH OF THE STEAM-EKGINE.J 


By ,PROFESSOR R. H. THURSTON, 
OF THE STEVENS INSTITUTE OF TECHNOLOGY. 
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FIG. t.-THE GRECIAN IDEA OF THE STEAM-ENGINE. 


1 This sketch is condensed from lectures originally written for delivery to an audi- 
ence of engineers and mechanics, at the Stevens Institute of Technology, in the winter 
of 1871-'72, and from lectures since prepared for classes in the Department of Mechani- 
cal Engineering, and revised to date. The most novel portion-referring to the practi- 
cal realization of the" perfect steam-engine "- is here more fully developed than it had 
previously been, and the paper, as a whole, is for the first time here published. The 
illustrations are principally from Stuart and Farey, and from the article" Steam-Engine," 
prepared by the writer of these lectures for ApPLETONS' CYCLOPÆDIA, new edition. 
A very complete history of "The Growth of the Steam-Engine" has been prepared by 
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I. 


TilE STEA1.{-ENGINE AS Å SIMPLE 1\IACIIIXE. 


[" A machine, receiving at distant times and from many hands new com bi- 
nations and improvements, and becoming at last of signal benefit to mankind, 
may be compared to a rivulet, swelled in its course by tributary streams until 
it rolls along a majestic river, enriching in its progress provinces and kingdoms. 
In retracing the current, too, from where it mingles with the ocean, the pre- 
tensions of even ample subsidiary streams are merged in our admiration of the 
nwster-flood. But, as we continue to ascend, those waters whicL, nearer the 
sea, would llave been disregarded as unimportant, begin to rival in magnitude, 
and divide our attention with, the parent stream; until, at length, on our ap- 
proaching the fountains of the river, it appears trickling from the rock, or ooz- 
ing from among the flowers of the vaHey. So, 
so, in developing the rise of a 
machine, a coarse instrument or a toy may be recognized as the germ of that 
production of mechanical genius whose power and usefulness have stimulated 
our curiosity to mark its changes and to trace its origin. The same feelings of 
reverential gratitude which attached holiness to the spots whence n1ighty riv- 
ers sprung, also clothed with ðivinity, and raised altars in honor of the saw, 
the plough, the potter's wheel, and the ]oom."-STuART.] . 
[. . . . "And, last of all, with inimitable power, and' with whirlwind- 
sound,' comes the potent agency of steam. In comparison with the past, what 
centuries of improvement has this single agent comprised in the short compass 
of fifty years! Everywhere practicable, everywhere efficient, it has fin arm a 
thousand times stronger than that of Hercules, and to wl1Ïch human ingenuity 
is capable of fitting a thousancl times as many hands as belonged to Briareus. 
Steam is found in triumphant operation on the seas; and, under the influence of 
its strong propulsion, the gallant ship- 
e Against the wind, against the tide, 
StiU steadies with an upright keel.' 
It is on the rivers, and the boatman may repose on his oars; it is on highways, 
and exerts itself along the courses of land-conveyance; it is at the bottOln of 
mines, a thousand feet below the earth's surface; it is in the nlill, and in the 
workshops of the trades. It rows, it pumps, it excavates, it carries, it draws, 
it lifts, it hammers, it spins, it weaves, it prints. It seems to say to men, at 
least to the class of artisans: 'Leave off your manual labor; give over your 
bodi1y toil; bestow but your skill and reason to the directing of my power, and 
I will bear the toil, with no muscle to grow weary, no nerve to relax, no breast 
to feel faintness!' What further improvement may still be made in the use of 
this astonishing power it is impossible to know, and it were vain to conjecture. 
What we do know is, that it has most essentially altered the face of affairs, find 
that no visible limit yet appears beyond which its progress is seen to be impos- 
sible." - D A
IEL "or EBSTER.] 


S ECTIO
 I. The Period of Speculation. IIERO TO WORCESTER. 
B. C. 200 to Ä. D. 1700.-1. The history of the steam-engine is 
a subject tbat interests greatly every intelligent mind. . 
As Religion has always been, and still is, the great rnoral agent in 
the same author, and is about to be published, finely illustrated, in the "International 
Series." 
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civilizing tbe world, and as Science is the great intellectual pronlot('r 
of civilization, so the steam-engine is, in nlodern tinIes, the nlost inl- 
portant physical agent in that great work. 
It would be superfluous to attempt to enumerate the benefits 
which it has conferred upon the human race, for such an enumeration 
,vould include an addition to every comfort, and the creation of almost 
every luxury that ,ve now enjoy. 
" It has increasf'd the sum of human happiness, not only by call- 
ing new pleasures into existence, but by so cheapening former enjoy- 
ments as to render thenl attainable by those who before could lleVt'r 
have hoped to Ehare theln." 1 
2. The wonderful progress of the present century is, in a very 
great degree, due to the invention and improvement of the steam-en- 
gine, and to the ingenious application of its power to kinds of work 
that formerly tasked the physical energies of the human race. "Ve 
cannot ex
unine the rnethods and processes of any branch of industry 
,vithont discovering somewhere the assist
lJce and support of this 
wonderful machine. 
Relieving mankind from manual toil, it has left to the intellect 
the privílege of directing the power formerly absorbed in physical 
labor into other and more profitable channels. The intelligence which 
has thus conquered the powers of Nature now finds itself free to do 
brain-work; the force formerly utilized in the carrying of water and 
the hewing of wood is now expended in the Godlike work of thought. 
'Vhat, then, can be more interesting than to trace the history of 
the gro,vth of this wonderful inyention, the greatest among the many 
great creations of one of God's most beneficent gifts to ulan, the power 
of invention. 
3. 'Vhile following the records and traditions of the steam-engine, 
I propose to call to your attention the fact that its history illustrates 
the very important truth that great inventions are never, and great 
discoveries are seldom, the ,vork of anyone mind. 
Every great invention is really an aO'O'reO'ation of minor inv<>n- 
ö::":!. b 
tions, or the final stf'p of a progression. It is not usually a creation
 
hut a growth, as truly so as is the gro,vth of the trees in tbe forest. 
Hence the S
llne invention is frequently brought out in several 
countries and by several individuals simultaneously. 
Frequently, an in1portant invention is made before the ,vorld i
 
ready to receive it, ana the unhappy inventor is taught, by his fail- 
ure, that it is as unfortunate to he in advance of t11e age as to be 
behind it. . 
Inventions only l)ecome successful when they are not only needed, 
but whpn mankind is so far advanced in intelligence as to appreciate 
and to express the necessity for thenl, and at once to nlake use of thenl. 
4. About a half-century ago, an ahle New England writer, in a 
1 Dr. Lardner. 
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communication to an English engineering periodical, described the 
new machinery which 'vas built at Newport, Rhode Island, by J ohl1 
Babcock and Robert L. Thurston, for one of the first steamboats that 
ever ran between that city and New York. He prefaced his descrip- 
tion with a frequently-quoted remark to the effect that, as l\Iinerva 
sprang, mature in mind, in full stature of body, and completely armed, 
from the head of Jupiter, so the steam-engine came forth, perfect at 
its birth, from the brain of James 'Vatt. 
But we shall see, as ,ye examine the records of its history, that, 
although James "r att was an inventor, and probably the greatest of 
the inventors of the steam-engine, he was still but one of tlle nlauy · 
men who have aided in perfecting it, and who have now made us so 
familiar with its tremendous power and its iàcile adaptation to labor, 
that we have almost ceased to adn1Íre it, or to ,vonder at this product 
of the workings of the more adn1Ïrable intelligence that has so far 
perfected it. 
5. T,venty-one centuries ago, the political power of Greece was 
broken, although Grecian civilization had risen to its zenith. 
Rome, ruder than her polished neighbor, "Tas gro\ving continually 
stronger, and was rapidly gaining territory by absorbing weaker 
states. 
Egypt, older in civilization than either Greece or Rome, fell but 
two centuries later before the assault of the younger states, and bo- 
c:llne a Roman province. Her principal city was at this time Alex- 
anch-ia, founded by tbe great soldier ,vhose llame it bears when in tbe 
full tide of his prosperity. It had now become a great and prosper- 
ous city, the centre of the commerce of the world, the home of stu- 
dents and of learned nlen, and its population was the ,v('a1thiest and 
nlost civilized of the then known world. 
It is among the relics of this ancient Egyptian civilization that we 
find the first record of the early history of the steam-engine. 
6. In Alexandria, the home of Euclid.. the great geometrician, and 
possihly contemporary with that talented engineer and mathematician 
Archimedes, a learned .wi-iter, Hero, produced a manuscri}Jt which he 
entitled" Spiritalia seu Pneunlatica." 
The ,vork is still extant, and has been several times republished. 
In it are described a nunlber of interesting thoug-h primitive forms 
of water and heat engines, and, among the latter, that shown in Fig. 
2, 1 an apparatus moved by the force of stealTI. 
This earlie
t of steanl-engineg consisted of a globe, a, sn
pended 
betwèen trunnions, G L, through one of which stealll enters through 
pipes, C .J.1I, F E, from the hoiler, Ð, below. 
The hollow bent arms, II and I
 cau
e the vapor to issue in such a 
direction that the reaction produces a rotary movement of the globe, 
just as the rotation of reactIon water-wheels is produced by outflow- 
ing water. 


1 ride ,v oodcroft's "Translation of Hero." 
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It is qnite uncertain whether this nlachine was ever more than a. 
toy, although it has been supposed by some authorities that it was act- 
ually used by the Greek priests for the purpose of l)roducing motion 
of other apparatus in their temples. 


(-: -) . H 
.,
::...--,-'"" 
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FIG. 2.-HERO'S ENGINE, B. c. 200. 


7. It seems sufficiently remarkable that, ,vhile the power of stC3,111 
had been, during all the many centuries that Ulan has existed npon the 
globe, so universally displayed in so 111 any of tbe phenolllena of natu- 
ral change, mankind Ii ved ahnost up to the Christian era ,vithont 
making it uBeful in giving motion even to a toy; but it lnust excite 
still greater surprise that, from the tinle of Hero, we meet ,vith no gootl 
evidence of its application to any practical use for many hundreds of 
years. 
Here and there, in the pages of history and in special treatises, we 
find a hint that the knowledge of the force of steam is not forgotten; 
but it is not at all to the credit of biographers and of historians that 
they have devoted so little time to the task of seeking and recording 
information relating to the progress of this and otl]er hnportant inven- 
tions and impro\"ernents in the mechanic arts. 
8. In the year 1825, the Snperintendent of the Royal Spanish Ar- 
chives at Simancas furnished an ac
ollnt, which had been there dis- 
covered, of an attenlpt nlade in 1543, by Blasco de Garay, a Spanish 
navy-officer, under Charles 1/ to lTIOVe a ship by })addle-,vheels, driven, 
as was inferred from the account, by a steam-engine. 
It is impossible to say to how mnch confidence tl]e story is entitled; 
but, if true, it was the first attempt, so far as is now known, to make 
steam useful in deyeloping power for practical pnrposes. Nothing is 
known of tbe form of the engine employec1, it only having becn statet1 
that a " vessel of boiling water" for.lncd a part of it. 
The account is, ho,vever, in other respects, so circumstantial that 
it has been credited by many, but it is looked upon as very doubtful 
hy the majority of writers upon the subject. It was published ill 1825 
1 Charles V., Emperor of Germany, was also Charles I. of Spain. 
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by 1\1. de Navarrete, in the fOrIn of a letter from TOlnás Gonzales, 
Director of the Royal Archives at Simancas, Spain. 
9. In 1601 Giovanni Battista dena Porta, in bis work" Spiritali," 
c1cscriùetl an apparatus by which the pressure of steam might be 
luade to raise a colu111n of ,vater, and the method of operation included 
t.he application of the condensation of st
am to the production of a 
vaClUUll into which the water would flo\v. lIe used a separate boiler. 
Fig. 3 is copied from an illustration in a later edition of his work. 1 


FIG. 3.-PORTA'S ApPARATUS, A. D. 1601. 


10. In 1615 Salmon de Cans, who had been an engineer and arcl1Í- 
tect under Louis XIII. of France, and later in the employ of the Brit- 
ish Prince of 'Vales, published a work at Frankfort, entitled "Les 
Raisons des Forces l\Iouvantes avec diverses In3chines tant utile que 
plaisalltes," in which he illustrated his proposition, " \Yater \\yilI, by 
the aid of fire, mount higher than its level," by describing a n1achine 
designed to raise ,vater by the expanding power of steam. (See Fig. 4.) 
This consisted of a metal vessel p
rtly filled with water, and in 
which a pipe was fitted leading nearly to the bottoln and oppn at the 
top. 
Fire being applied, tbe steam, formed by its elastic force, drove 
the "Tater out through the vertical pipe, raising it to a height depend- 
ing upon either the wish of the builder or the strength of the "essel. 
11. In 1629 Giovanni Branca, of Lovetto, an Italian town, de- 
I" I Tre Libri Spiritali," Napoli, 1606. 
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scribed, in a '.vork published at Rome, a number of ingenious mechani- 
cal contrivances, among which ,vas a steam-engine (Fig. 5), in ,,
hich 
the steam, issuing from a boiler, impinged upon the vanes of an hori. 
zontal wheel. 
This it 'was proposed to apply to many useful purposes. 
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FIG. 4.-DE CAUS'S ApPARATUS, A. D. 1615. 


12. In illustration of the singular manner in which old inventions 
disappear only to reappear in latter times, it 111ay be renlarked that 
this contrivance ,vas brought forward quite recently by a sanguine 
inventor, who spent a considerable sum in building what he considered 
a great improvelnent upon existing forms of steam-engines. 
The engine of IIero also has been frequently reinvented, ana, nn- 
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del' the designation of " steam turbine," it has been applied with some 
satisfactory effect to the production of very high velocity of rotation. 
13. 'Ve now come to the first instance in which the expansive 
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FIG. 5.-BRANCA'S STEAM-EKGINE, Å. D. 1(j
9. 


force of steam is supposed to have actually been applied to do impor- 
tant and useful ,vork. 
In 1663, Edward Somerset, second l\Iarquis of 'V orcester, published 
a curious collection of descriptions of his inventions, couched in ob- 
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scure ancl singular language, and called a "Century of the Names 
and Scantlings of Inventions by me already practised." 
One of these inventions is an apparatus for raising water hy stealTI. 
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The description ,vas not accompanied hy a drawing, but the sketch 
here given (Fig. ö), probably resembles his contrivance very closely. 
Steanl is generated in the boiler IJ, and thence is led into tbe ves- 
sel A, already nearly filled with ,vater. It drives the water in a jet 
out through a pipe, F or F'. The vessel A is tl1ell shut off from the 
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FIG. 6.-WORCESTER'S ENGINE, A. D. 1650. 


FIG.7.-WALL OF RAGLAN CASTLE. 


boiler and again filled" by suction" after the steam has condensed 
through the pipe G, and the operation is repeated, the vessel B being 
used alternately ,vith ...1- 
The instruments of Porta and of De Caus were" steam fountains," 
and ,vere applied, if used at alJ, nlerely for ornamental uses. 
That of the l\Iarquis of 'V orcester was used for the purpose of 
elevating water for practical purposes at Vauxhal1, near London. It 
,vas still earlier used at the home of 'V orcester, Raglan Cn
tle, w'here 
the openings cut in the ,vall for its reception are stil1 to be SeEIJ, as III 
Fig. 7. 
14. The sepa1 0 ate boiler, as here used, constitutes a very ilnpor- 
tant ilnprovement upon the preceding fOrIns of apparatus, although 
the idea was original with Porta. 
The "water-comlnanding engIne," as its inventor caned it, was, 
therefore, the first instance in the history of the steanl-engInc in which 
the inventor i
 kl1o,vn to have" reduced his invention to practice." 
It is evident" however, that the invention, important fiS it 'ras, 
does not entitle the marquis to the honor claimed for hinl hy many 
authorities of being tlze inventor of the steam-engine. Sonler
et ,vas 
simply one of those w'hose works conectively nlake the steam-engine. 
SECTION II. The Period of Application of tIle Early Type of 
Stea}n-En[Jine. 
Io'l'land, Savery, and IJesCf[Julie}Os.-14. The inven- 
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tion of the 
Iarquis of "r orcester was revived twenty years later, by 
Sir Samuel 
lorland, but in what form is not now kno\\Tn. 
In a lllellloir/ which he wrote upon the subject in }683, he exhib- 
ited a degree of familiarity ,,'ith the l,ropertics of steam that could 
hardly have been expected of anyone at that early date. 
In his Inannscript, now preserved in the IIaal'leul Collection of the 
British l\luseunl, he states the size of the cylinders required in his 
Inachine to raise given quantities of "'"ateI' per hour, and gives very 
exactly the relative volumes of equal weights of "Tater and of steam 
under atmqspheric pressure. 
He tells us that one of his engines, with a cylinder six feet in 
dianleter and t,velve feet long, "Tas capable"'Of raising 3,240 pounds 
of water through a beight of six inches, 1,800 times an hour. 
15. From this time for\\Tard the minds of many mechanicians were 
earnestly at work on this probleln-the raising of "Tater by aid of 
steam. 
Ilitherto, although many ingenious toys, embodying the principles 
of the steam-engine separately, and sometimes, to a certain extent, 
collectively, had been proposed and even occasionally constructed, 
the "Todd was only just ready to profit by tl1e labors of inventors in 
this directioll. 
But, at the end of the seventeenth century, English miners ","ere 
beginning to find the greatest difficulty in clearing their shafts of the 
vast quantities of water ,vhich they were meeting at the considerable 
depths to which they had penetrated, and it had becollle a matter of 
vItal importance to them to find a more powerful aid in that work 
" than was then available. 
They were, therefore, by their necessities, stimulated to watch for, 
and to be prepared promptly to take advantage of, snch an invention 
when it should be offered them. 
16. The experiments of Papin, and the practical application of 
known principles by Savery, placed the needed apparatus in thpir 
hands. 
"....hen Louis XIV. revoked the Edict of N antes, 1)y \vhich Henry 
IV. had guaranteed protection to the Protestants of France, the ter- 
rible perE;ecutions at once comlneneed by the parists drove from the 
kingdom some of its greatest men. 
Among these was Denys Papin, a native of Blois, anel a distin- 
guished philosopher. He studied medicine at Paris, alld, when ex- 
patriated, went to England, where he met the celebrated philosopher 
Boyle, who introdncecl him into the Royal Society, of ,,
hich Papin 
became a member, and to whose" Transactions" he contributed st:v- 
eral valuable papers. 
lIe invented, in 1680, the "Digester," in which substances, unaf- 
1 "Élévation des Eaux, par toutes Sortes de )Iachine, reduite à ]a )Icsure, au Poids 
et à la Balance." 
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fectec1 by ,vater boiling under atmospheric pressure, can be subjected 
to the action of ,vater ùoiling uucler high pressure, and tbus thoroughly 
"digested," or cooked. 
The danger of bursting these vessels caused hiln, in 1G81, to in. 


DENYS PAPIN. 


vent and apply the lever safety-valve,l now an indispensable appur- 
tenance to every steam-boiler. 
17. In 1690 he constructed a ,vorking nlodel of an engine, consist- 
ing of a steam-cylinder with a piston ,vhich ,vas raised by steam-press- 
ure, and which descended again "'''hen the condensation of the steanI 
produced a vacuum beneath it. 
This apparatus the inventor proposed to use as a motor for working 
ptunps and for driving paddle.wheels; but be never built a successful 
,vorking lnachine on this plan, so far as ,ve can ascertain; and he did 
not then propose a separate boiler, but rnaflü the sanIe vessel serve 
at once as a boiler, steam.cylincler, and condenser, evaporating water 
in the cylinder itself; 2 and, aftcr raising the piston, relnoving the 
cylinder fron1 the fire, or the fire from under the cylinder, to effect 
condensation by the gradual loss of heat by radiation. 
18. The most important adyance in :1ctun,l construction ,vas mac1l
 
by Thomas Savery. 
The constant and en1barrassing expense, and the engineering diffi- 
culties presented by the necessity of keeping the Britisb lnines, and 
1 Other forms of safety-valve had been previously us
d. 
2 "Recueil des diverses Pièces touchant quelques nouvelles Machines et autres Sujcts 
philosophiques," 11. D. Papin, Cassel, lüû5. 
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particularly the deep pits of Cornwall, free from water, and the faiJure 
of every attelnpt previously n1ade to l)rovide effectiye and economical 
pumping macbinery, were notecl by Savery, .who, July 25, 1698, pat- 

nted the design of the first engine which ever was actually employed 
in this 'work. 


THOMAS SAVERY. 


A ,vorking model was submitted to the Royal Society of London, 
in 1699, 1 and successful experiments were made with it. 
This engine is shown in Fig. 8, as described by Savery himself in 
1702, in the" 1\Iiner's Friend." 
L L is the boiler, in .which steam is raised, and through tbe pi})es 
o 0 it is alternately let into dlC vessels P P. 
Suppo
e it to pass into the lfìft-hand Ye
sel first. The v::dve lJI 
being closed and 'J- being opened, the ,vater containerl in Pis ariven 
out and up the pipe S to the desired height, .where it is discharged. 
The valve r is then closed, and al80 the vaJve in the pipe O. The 
yalve JI is next opened, and conden
ing water is turned upon the exte- 
nor of P by the cock Y; leading ,vater from the cistern 
L As the 
steam contained in P is conden
ed, forming a vacuum, a fresh charge 
of .water is driven by atmospheric pressure up the l}ipe T. 
Jleantime, steam from the boiler has been let into the right-hand 
vessel P, the cock 1f T having heen first closed and R opened. The 
charge of ,vater is driven out through the lo,yer pipe and the cock R, 
and up the pipe S as before, .while the other vessel is refining prepara- 
tory to acting in its turn. 
1 " Transactions of the Royal Society," 1699. 
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The two vessels thus are alternately charged and discharged as 
long as is necessary. Savery's method of supplying his boiler with 
water was at once simple and ingenious. 
The SID'111 boiler.D is filled with water from any convenient source, 
as from the stand-pipe S. A fire is then built under it, and, when the 
l)ressure of steam in .D beconles greater than in the main boiler L, a 
communication is opened between their lo\ver ends and the water 


FIG. B.-SA VERY'S ENGINE, A. D. 169ft 


passes under pressure from the smaller to the larger boiler which is 
thus" fed" without interrupting the work. G and N are gauge-cocks 
by which the height of water in the boilers is determined, and these 
attachments were first adopted by Savery. 
19. IIere we find, therefore, the first really practicable and com- 
mercially valuable steam-engine. Thomas Savery is entitled to the 
credit of having been the first to introduce into general use a machine 
in ,vhich the po wer of heat, acting through the medium of steam, was 
rendered useful. 
It ,vill be noticed that Savery, like the ll1arquis of 'V orcester, 3nù 
like Porta, used a boiler separate from the ,vater-reservoir. 
He added to the" ,vater-commanding engine" of the marquis the 
sy-steIn of sur,face condensation, by which he was enabled to change 
his vessels \vhen it becan1e necessary to refill thCln; ana the secondary 
boiler, w11ich enabled hinl to supply the ,vorking boiler with ,yater 
without interrupting its action. 
The machine ,vas capable of working uninterruptedly for a period 
of time only limited by its own endurance. 
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Savery never fitteil his boilers with the safety-valve, although it 
'was subsequently used on Savery engines l)y Desaguliers; and in deep 
Inines he was con1pelled to Inake use of higher pressures than his 
rudely-constructed boilers couIll safely bear. 
The introduction of his machines was, therefore, greatly retarded 
by the fear, alnong miners, of the explosion of his boilers; in fact, 
such explosion did occur on more than one occasion. 
20. The Savery engine was improved, about 1716 or 1718, by Dr. 
Desaguliers, ,vho attached to it Papin's safety-valve, and substituted 
a jet injection fron) the stand-pipe into the" forcing-vessels" for tbp 
surface condensation of Savery's original arrangement. 
21. The Savery engine, however, after all-4mprovement in design 
and construction, though a working and a useful n1achine, was still a 
very wasteful one. The steam from the boiler, passing into the coJc1, 
wet water-reservoir or forcing-vessel, 'was condensed in large quan- 
tity, and also to a very serious extent, by coming into actual contact 
with the water itself. 
Papin, '
rho has already been referred to, in 1707 proposed 1 to 
avoid this loss, to some extent at least, by the use of his piston, which 


FIG. 9.-PAPlN'S STEAM-ENGINE, A. D. 1707. 


he interposed between the steam and the water, as in Fig. 9, which 
IS copied from a sketch given by Papin himself. 
This engine is, in principle, a 1\farquis of Worcester engine, in 
which the piston E is introduced to separate the steam from the ,vater 
'which it in1pc1s, and thus to reduce the an10unt of loss by condensa- 
tion. 
This engine "Tas never constructed, except experip1entalJy, ho'w- 
ever, and i; principa]]y of interest in a history of the ste:lll1-engine 
from the fact that it was a useful suggestion to succeeding inventors. 
Papin bad, as early as 1698, abandoned his earlier but more ac1- 
I "Nouvelle 
Ianière de lever rEau par la Foree de Feu, mise cn Lumière." Par 
M. D. Papin, Docteur en Médecine, Professeur en Matbematique à Cassel, 1707. 



THE LA W OF COl.VTI1VUITY. 


29 


vanced project of a piston, driven by steam-pressure on one side, 
assisted by a vacuum produced on the other; anù he can only be 
regarded, therefore, as an ingenious and intelligent though unfortu- 
nate projector, and not as a successful inventor, notwithstanding his 
acknowledged ability and learning. 


... 


TIlE L...t\.. ,V OF CONTINUITY. 


By GEORGE ILES. 


W HEN the details of knowledge had in modern tin1es accumu- 
lated to so great an extent as to delnanc1 some org3nization 
of them into principles, thoughtful men cast about for sonle law 
,vhich might serve to relate and connect together, in part at least, the 
multitude of facts and theories which were in an isolated and incohe- 
rent state. 
At this iIl1portant stage of scientific development, Galileo ,vas tLe 
first to recognize the value of Plato's thought as to the continuous 
action of natural forces. By arranging in serial order the cases of 
a la,v, be showed that phenomena which might be supposed to be 
radically distinct were really due to one cause; and be said" "tbat, 
,vhere links of connection were unknown, they should be sought for 
diligently. 
Galileo, ho\vever, was too busy a man to work out ll1any of the 
suggestions of the la\v of continuity, and it remained for Leibnitz to 
be the first to apply it extensÌ,'ely in the test of physical theories, and 
in the reduction of fragmentary knowledge to order and intelligibility. 
lIe affinned that nothing passes from one state to another without 
passing through all interrnediate states, and established the truth of 
his proposition by sho\ving the absurdity of the contrary. If a change 
"Tere to happen without the lapse of time, the thing changed n1ust be 
in two different conditions at the saIne instant, which is n1anifestly 
irnpossible. 
Froln this principl
, for 
xample, if it be known that a 10dy at onE' 
lnoment had a temp
rature of 20 0 , and at another mOlnent a ten}pcra- 
ture of 40 0 , it is certain that 'at some intervening n10ment its ten1pern- 
tllre was 30 0 . Although this law is so simple when stated as to seem 
almost axiomntic, yet its <-ases are frequently 
o obscure as to have 
caused lnuch hesitation in its acceptance as a uniYer
al or even a 
,videly-operating la\v. Son1e of its illustrations, lately disco\ered, are 
among the hardest-won triumphs of experin1ental RkilJ, and have de- 
manded the aid of the most refineà modern apparatus. 
A typical example of continuity has long been familiar to students 
of geometry; figures which may differ so much in graphic delineation 
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as the circle, tbe ellipse, parabola, and byperbola, may be united by 
the insensible modifications of surface afforded by tbe inclination, 
more and more, of a plane dividing a cone asunder. 
Similarly, in mechanics, the arc of a vibrating })endulum may be 
gradually enlarged by successive impacts until it beconles a circle. 
The part of a rotation differs generically from a complete one, yet it 
may approach infinitely near to it, and with only sucb a difference as 
exists between one arc and another slightly shorter. 
The works on physics issued during the last century abound with 
distinctions which close and accnrate investigations have since re- 
moved. Iron was once thought to be the only substance endo"\vable 
,vith magnetism; no\v, not only all the metals, .Qut all bodies ,,
hat
ver, 
are proved to present this l)olar force. In like manner, .with respect 
to heat and electricity, conductors and non-condnctor
 "
ere ranged 
as two opposite classes; this disposition is stiJl practically useful, 
since most substances conduct either very well or very ill; but it bas 
given way as a precise statement of truth before the den10nstration 
that all substances may be placed in unbroken order as to conductive 
power. For, wl)ile no material transmits either beat or electricity 
without some resistance, tbat resistance is in no case indefinitely 
great. 
The transmission of light is another })roperty ,vhich is not now 
confined within a narrow area; transparency is no longer attributed 
to a fe,v bodies only-air, glass, and the like-it is extended to matter 
universally, experiment and reason both warranting the belief t])at 
any substance whatever, if reduced to a sufficiently thin film, would 
be pervious to light. Gold, one of the densest metals, can now be 
deposited by electricity in such tenuity as to be easily penetrated by 
the solar ray, and, although science is unable to give us any n1etal 
but gold in a translucent state, "\ve know the degrees at ,vl1Ïch such 
light as passes through every member of the Inetallic catalogue is re- 
fracted. This curious piece of information has ùeen attained by ex- 
tendincr to the cases concerned a law., which, as far as experiment has 
b 
gone, has been found true-namely, that the angle of a ray polarizecl 
by reflection always makes 90 0 with the angle of a refracted ray. 
N ow, the particular angles at which lead, copper, and the rest, 1)0Iar- 
ize light by reflection being observed, a simple calculation tells us 
how much deflection a beam n1ay undergo in piercing metallic plates. 
This is an instance of how Science appropriates territory, one might 
deem ever to be undiscovered, by availing itself of the relationship of 
laws binding all things together, anc1 interweaving the kno,vn ancl the 
unknown. 
Chemists bave taken their acids and alkalies, that w'ere formerly 
adjudged as possessing qualities diametrically opposite, and now 
include them in one catalogue, no two consecutive menlbcrs of which 
are much more than distil1O'uishable in character. rrhc same order 
<::) 
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has also been adopted in the electro-chemical arrangement of metals. 
Upon the possibility of placing all bodies in a continuous list under 
the head of any property whatever-cohesion, elasticity, and so on- 
the opinion is no,v' entertained that all matter is capable of receiving, 
holding, and giving forth, any kind of force. 
The varieties of force themselves have been instructively reduceù 
to a single basis-that of motion; electricity, gravity, light, and all 
the rest, are at present referred to the movt'ment in particular orbits 
and planes of the ultimate particles which build up all masses. For 
any sort of force can be converted by suitable Ineans into any other, 
and all into common mechanical motion. N ow, as transformations of 
energy are incessant in Nature-changes whereby heat becomes elec- 
tricity, electricity light, and light chemical action-it must be that 
there are intermediate phases which a body assumes while passing 
fronl the manifestation of one of these forces to another. It must be 
that the ordinary forms of force just named, which seenl to be so 
broadly marked off from each other, must be really united in trans- 
mutation by processes of motion too unstable to be caught and de- 
tained by our comparatively rude methods of detection and arrest. 
The extrenles of a series we see, the links between elude ns. 
The kinds of motion to which are given names in our ,yorks on 
physics are, perhaps, only the stable varieties of an indefinitely great 
number. The swiftness of the transitions from one stable form to an- 
other may explain and excuse the notion long held that the different 
kinds of force were individual entities, unrelated to each other. 
Here one of the chief lessons taught us by the law of continuity 
comes in: we are contronted by a variety of seemingly isolated forces; 
,ve find them taking on indifferently one another's forms; and, although 
,ve kno,v not how they do so, yet we can see the danger of over-esti- 
mating the apparent, while much more nlay be present thongh hidden 
from our sight. The comprehension of all the varieties of force under 
the one category of motion is hardly fraught with any d
duction more 
suggestive than that which inclines ns to acknowledge that nlere per- 
manence has hitherto unduly influenced onr ideas of 'what the modes 
of motion may be ill extent and diversity. The existence of electricity 
was unsuspected, except in the case of rubbed amber, until ,,'ithin a 
few generations; the fleeting character of the force evading the scru- 
tiny of the majority of the acutest investigators of Nature who have 
lived. 
The noble generalization of the conser,Tation of energy affords an- 
other fact and hint of much value. It tells us of the radical identity 
of all sorts of force, whether as that of tIle descending clock-weight; 
or in a simfJle form of much fixity, as that of heat; or evanescent and 
easily convertible, as electricity; or intricate and ,vith nlany paths of 
working, as chemical affinity; or beyond the reach of any but vague 
and general Ineans of exalnination, as the forces of nerve and brain. 
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Everyone of these is ,,
ithin the jurisdiction of the laws of mechanics, 
even ,vhen the nlotions are so exalted in degree and dignity as to seenl 
of other stock than their real parents. Or, to change the metaphor, 
the tortuous labyrinth of the 'whole series diverges by clear and con- 
tinuous avenues from one simple highway, 'where the elementary la"
s 
of motion are visibly obeyed. 
The consistences of matter, as well as its pro})erties, illustrate in a 
remarkable manner the principle of continuity. Sir 'Yilliam IIerschcl 
long ago ventured on general grounds to })redict that the solid, liquid, 
and gaseous states of matter would be found to shade off impercepti- 
bly into each other. Twenty years afterward, the labors of Prof. An- · 
drews, of Belfast, proved the great ast1"onol1(er right. By the most 
ingenious appliances, he detained for convenient inspection processes 
of transition from gas to liquid, which, in their ordinary })rogress, co- 
alesce so abruptly as to seem instantaneous. In some familiar cases 
we can perceive changes of tbe same kind going on; as, for example, 
in the melting of wax 'we can follow tbe alteration from brittle bard- 
ness to plasticity, and thence to viscosity and liquefaction. From 
facts such as these, here very briefly indicated, has arisen the convic- 
tion that all ]11atter can assun1e any of the three consistences. Fara- 
day liqu8fied, by cold and great })ressure, several of wlwt had been 
called perl11anent gases, and improvements in the means of producing 
})fes
llre and cold will doubtless enable us in the future to liquefy the 
remainder. Although the greatest heat we can bring to bear on car- 
bon does not fuse it, still the tendency of our IU1o'\vledge is to induce 
us to belie\Te that coal in burning for a brief instant, too short for ob- 
servation, exists in the liquid state. A second of tÏ111e is diyisibl
 into 
111iIlionths quite as perfectly as a geological cycle. 
The thread of continuity has, in a variety of cases, been estahlisl}ed 
in the lahoratory. No two physical facts would seen1 to stand more 
decidedly apart than chemical union and mechanical admixture, yet 
,ye find them inextricably joined when ,ve add sulphuric acid and 
water together. In all possible percentages do these liquids chell1Ï- 
cally con1hine, and this at variance with the generally-obeyed law of 
(lefinite proportions. The same departure from the usual rule al
o 
obtains among other complex unions, and corroborates 'what first 
principles affirnl-nalnelr, that c11emical forces are but intense and 
invol yed mechanical ones. 
In the progress of science there has been much speculation as to 
the method by which light, electricity, and gravitation, are vropa- 
gated through space. It is the old question again, " Can matter act 
\-; here it is not? " Newton found the idea inconceivable, and ima- 
gined an ether as tbe velJicle of nlotions between the snns and planets 
of the universe. This position has been criticised by JUill, ,,
ho says 
that inconceivableness is no test of truth, and who asserts, with a lack 
'of bis usual caution, that scarcely any liying thinker of eminence now 
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doubts that matter can act where it is not. What light have recent 
researches shed upon this interesting question, heretofore little more 
than metapbysical ? 
The solar atmosphere has been found to extend to more than half 
a radius beyond its surface; at the top of its corona, high above the 
hydrogen, there are vast masses of a gas which emits a simple, green 
ray, not corresponding with that of any known substance. In auro- 
ral displays on earth, in the uppermost regions of our atmosphere, the 
same simple ray bas been detected; whence it has been supposed that 
atmospheres are not restrictedly planetary nor solar, but continuous 
and cosmical; and that it may be a gas indefinitely rarefied that con- 
veys to us through the depths of space not only light-motion, but the 
yet n10re inappreciable tremors of electricity and gravitation. 
The ordinary definitions of the interstellar ether are open to the 
objections urged by Mill, because of a dread there seems to be abroad 
of ascribing materiality to it; while its infinitesimal materiality is not 
only within the bounds of possibility, but well agrees with the facts. 
All motion takes time; light has a measurable velocity; chemical ac- 
tion of the n10st violent kind and even explosions are not instantane- 
ous. Were it otherwise, the hypothesis of no medium or of an imma- 
terial one might be entertained. N ow, the decidedness in amount of 
a body's weight as a mass, or in its particle
, has no necessary connec- 
tion with its efficiency as a medium of motion. Just the reverse: 'we 
find that as matter is Sillaller and lighter in its ultimate parts or gross 
masses, the more rapidly can it communicate motion, and the greater 
is its ,capacity for lllotion. It is a familiar fact that, in the use 
of machinery, a small wheel can, proportionately to itR weight, con- 
tain and transmit luore motion than a large on'e, the plain reason 
of which is that it can be driven at a higher peripheral speed, its 
smaller bulk causing less centrifugal strain at the axis than if it were 
larger. 
Sound travels nearly four times faster in hydrogen than in a]r, 
and in quickness of elastic recoil it is, when compressed, preferable to 
nil' in the same degree. Its extraordinary chemical energy, far tran- 
scending that of denser gases, is a fact of parallel bearing. 
If we can imagine a gas as much thinner than hydrogen as the 
square of light's velocity exceeds the speed of sound in bydrogen 
(about, 4,000 feet a second), ,ye bave a reasonahle presentation of 
what tbe luminous medium may be-its marvelous tenuity being 
vastly more than compensated by the mobility of its )nolecnle
. 
And, therefore, the most subtile aëriform fluid conceivable is of enor- 
mously more utility in propagating impulses froll1 star to star than 
solid steel would be. The ether of space perhaps 
nstains some such 
relation to a gas as a gas does to a liquid; and the current disputes 
as to the materiality or immateriality of a cosmic medium recall very 
suggestively the days, not very distant, when wise men doubted the 
T'OL. XII.-3 
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materiality of air, and the still more recent times when it ,vas found 
that gases other than air had existence. 
Some further Rpeculations, enkindled by the green ray observed in 
the sunshine, may be here presented as relevant t.o the subject. Du- 
mas, the eminent French chemist, sought by very careful determina- 
tion to prove that all atomic weights were exact multiples of that of 
hydrogen. He found them to be Inultiples of a number one-fourth tlJat 
of hydrogen, whence the tenuous masses 'which lie abo\Te the hydrogen 
on tbe sun's surface are supposed to be one-fourth the specific gravity 
of the lightest gas ",Te commonly kno".... And, as the spectrum it 
yields is the simplest known or even possible, it is thought that this' 
new unit of the atomic scale may be l)l'imal matter, and the source of 
all material forms. This conjecture is not u"risupported by other con- 
siderations, for, in the four kinds of stars regarded in the order of their 
brightness and beat, there is a progresshrely increasing variety of 
gases as they approach a lower temperature-a suggestion this as to 
the origin of our sixty-three so-called elements in chemistry. 
In domains above the plane of }Jhysics, 'we can observe many 
beautiful cases of the law of continuity. On a window-pane in "Tinter 
we can notice structural forces beginning their work where there has 
been, as far as we could see, no structure. We may breathe on the 
glass, and no microscope can there reveal any definite direction in the 
disposal of the moisture. Yet, from it a symmetrical architecture of 
frost slowly arises. We may take a crystal just deposited from a 
solution, break off a corner from it, and replace it in the liquid whence 
it came, when the damage will be accurately repaired. 
Bet,veen the inorganic and the organic kingdon1s of Nature the 
old partition-walls have at many points been removed. Formic acid, 
such as ants secrete, has been made artificially by tbe synthesis of its 
elements; and so have other product8, formerly regarded as purely 
· organic. Prof. Huxley maintains the opinion that, in the past, highly- 
cOlnplex chemical compounds have passed into the state of 'what he 
cans protoplasm, the simplest basis of organic life. The controversy 
about spontaneous generation is not ,v})ether the organic is contained 
and potential in tbe inorganic, but whether the transition can be arti- 
ficially effected nO"T. 
Plants like the fl y -catcher which closes on venturesome insects 
, , 
and absorbs their juices, show us how powers, commonly supposed to 
be exclusively animal, may be shared by mem bel's of the vegetable 
world. The sensitive-plant has something very like the nervous sys- 
tem which marks the highest types of life, for it not only shrinks 
when rudely touched, but also when exposed to fumes of chloroform. 
In the same direction points what in plants generally seems to paral- 
lel instinct in animals. If a layer of soil near the surface of the 
ground be unusually rich and moist, the rootlets in growth are spread 
almost wholly along that. layer, while in any other case they descend. 
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The tendrils of vines find points for attachment an inch or two from 
their stems; in cellars and caverns the feeble sprouts grow toward 
the light which they seem to feel is their life. 
Is not all this conformable to the law by which motion takes the 
path of least resistance, as in the case of the waters of a broken reser- 
voir descending to a valley by the shortest channel; or discharges 
of electricity harmlessly betaking themselves to the earth through a 
purposely-exposed conductor? 
Instinct, especially in insects, borders on and at times invades 
the higher realm of intelligence. The shapes of birds'-nests, wax- 
cells, and so on, are not rigidly invariable, but are always more or 
less adapted to circumstances. Glass rods have been placed in a bee- 
hive, and tbe little workers to avoid them have sprung all sorts of but- 
tresses and arches, such probably as neither they nor any of their pro- 
genitors ever undertook before.. 
Natural history, in the discussions ,vhich have recently shaken 
the ,vorId, illustrates how difficult, if not impossible, is the task of 
trying to draw lines of demarkation, hard and fast, in N atllre. The 
arguments pro and con as to wllat constitutes a true species might 
be gathered into a very bulky voltnne, and the enll of the discussion 
is not yet. 
The probability of truth, on the side of those naturalists who affirm 
the principle of continuity as explaining the genesis of species, has 
been strengthened by that l)rinciple being lnade the baf'is of the best 
method of zoölogical classification yet produced. 
Profs. IIuxley and Haeckel describe a tree of life: the main branch- 
es of it are the great classes; the divergent limbs, the families; and 
the minor b
'anches, the species. The wide gaps bet,veen tbe groups 
of organisms no,vextant are in considerable measure bridged by re- 
course to fossils, and the suggestions of embryology-which science 
studies the phases an animal passes through from conception to birth, 
and observes the affiliations indicated in antenatal history. 
As the gulfs existing between living things present the most for- 
midable difficulty in the way of the reception of the principle of con- 
tinuity in its broadest claims, it may be admissible here to present 
some of the explanations given by Lyell and others to account for the 
fact that so many links of genetic connection are missing. It is most 
important to a species that it should preserve and intensify some 
definite method of subsistence-a habit of diving, climbing, swinulling, 
digging, or of catchin
 some particular prey, or finding and living on 
some special plant. There is a natural pren1ÌuIH set npon some ex- 
pertness of this kind, which we must Inark is very apt to run in a nar- 
row groove; and there is a yet greater reward for any new expertness, 
the occupying of a new field of animal possibility, or an adaptation to 
circumstances cl1anged by the great forces of Nature-as in the mighty 
revolutions brought about by astronomical and geologica] causes. 
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In periods of transition we can well inlagine that an elasticity in 
stationary circumstances, usually all but dormant in an organism, 
comes into play with all its power; and hence that the type fit for 
the new conditions is, comparatively speaking, soon formed and fixed. 
We may thus understand how it is that a wide diversity among liv- 
ing forms has been brought about, and why it is that few fossils in- 
termediate between them have been discovered. Some very striking 
ones have been unearthed, but it would be an unwarrantable digres- 
sion to describe them in a paper of these limits. 
The remote extremes which may be joined together by gentle and 
imperceptible modifications are well illustrated in the factR of ordinary 
growth. Newton had once to he taught thl\t two and two make four, 
yet from that day to the culmination of his powers there was no ab- 
rupt accession of knowledge or insight. He came by steady advances 
fro In the ignorance of a babe to the full stature of the first physical 
philosopher in Europe. 
All this teaches us the supreme Ï1nportance of looking at things 
"in their dynamic as well as in their static aspect; of regarding the 
mechanics not less earnestly than the geometry of Nature. For dif- 
ferences in degree may gradually accumulate until they become dif- 
ferences in kind. We have seen how various sources of obscurity may 
veil processes of genesis, and lead any but a n1Ïnute and careful ob- 
server to mistake a new form for a new identity. We have noticed 
how the possession of qualities usually in extremes may conceal the 
fact tbat the qualities are general-as in the magnet, ,vbich is but an 
exaggerated case of any mass whatever. 
We have noticed how the vast differences in the time required in 
transmutation may tend to confuse the similarity of two cases of a 
law. The em browning of a pine fence in the course of years is due to 
the same cause which chars in a few minutes the same "rood ,vhen 
used as fuel. \Ve have remarked, also, the enormous differences in 
the stability of natural forces: some of tlIem, as heat, are metamor- 
phosed with great difficulty; others, as electricity, are of very weak 
permanence; and others, again, in ,vhose existence '\\"-e have good 
reasons to believe, are too evanescent to be detectrd by the keenest 
scrutiny. 
It has also appeared that mere complexity of resultant lines, as 
simple forces interact, may yield the erroneous supposition that new 
and hio-her causes than the real ones have come into actioD. 
ö 
It has been briefly stated how diverse properties merge into one 
another, and various consistencies overpass the bounds of common 
definition; and, leaving the region of fact for that of speculation, it 
bas been shown how the })rinciple of continuity may account for the 
genesis of our chemical elements, and the transfer of impul
es across 
the diamet.er of the lleavens. 
All these facts, probabilities, and suggestions, lead to tbe convic- 
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tion that continuity is a universal law; that it prevails everywhere, 
and has prevailed throughout all time; that its present innumerable 
and intricate threads bave been spun forth from the simplest conceiv- 
able state of matter and motion, which from the beginning have been 
subject to a uniform code of law-a code of hnv growing nlore com- 
plicated with time by the interaction and mutual influence of l)rimi- 
tive principles. 
The study of continuity presents many re8ults very pertinent to 
the great question, "How has Nature assumed the infinite beautiful 
forms ,vhich engage our attention and admiration to-day?" The 
probabilities in favor of the solution offered by the evolution theory 
are much enhanced when we consider how insignificant in area, and 
transient in operation, are many of the bridges connecting together 
the ielands and continents of forces and life. 
As we trace out with great pains the unbroken links stretching 
between the most diverse facts and appearances, links which a cursory 
view would never discover, we find that that theory 'which supposes a 
community of origin and descent for all that now is, has a remarkable 
hody of evidence adducible in its favor. 
That Nature has arrived at its present state by the continuous 
action of forces such as are now at work around us, has beconle so 
widely-prevalent a conviction that JHill said, speaking of the inclusion 
of special laws in general ones convergently, that the question Sci- 
ence now asks is, "'Vhat are the fewest and silnplest assumptions 
which, being granted, the existing order of Nature would follow?" 


... 


1\IODERN TROGLODYTES. 


By FELIX L. OSWALD, M. D. 
T HE Troglodytes or Cave-dwellers of ancient Nubia belonged to 
a tribe which seems to have formed an intermediate link between 
the Semitic and Ethiopian races, but which has become entirelyex- 
tinct before the second century of the Christian era. Between Sidi 
Elgor and Port Er-nassid (the ancient Berenice), on the shores of the 
Red Sea, Dr. Brehm examined many of tbe limestone-caverns which 
were the favorite haunts of these singular beings, and found no diffi- 
culty in distinguishing the bones of the Coptic and Arabian bn:dal- 
places from the Troglodyte skeletons, "rhich could be recognized by 
their demi-simian skulls, their attenuated brachial and femoral bones, 
and especially their narrow chests. 
These peculiarities Dr. Brehm ascribes to the unnatural habits of 
the wretched cave-men, ,vho, fronl cowardice or constitutional sloth, 
passed the greater part of their existence in the penetralia of their 
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foul burrows, while their neighbors preferred a manlier way of secur- 
ing themselves against enemies and wild beasts, and saved themselves 
from the glow of the midsummer sun by cultivating shade-trees. 
"Herodotus speaks of persecutions," the doctor remarks, "but this 
fixed custom of theirs may perhaps be attributed to vicious habit, 
strengthened by hereditary transmission, quite as lnuch as to neces- 
sity, for men can become fond of vitiated air, as they contract a 1)a8- 
sion for fermented drink or decayed food." 
It seems really so, if we reflect on the hereditary perversity of 
millions of Europeans and North American citizens, 'who in the midst 
of social security, and without tIle excuse of the persecuted N nbians,. 
insist on secluding themselves and their children in the foul atmos- 
})here of tenement-houses, factories, and workshops, 'which might just 
as cheaply be supplied with pure as with warm air. 
The air we breathe, ,,
hich a great English physician calls gaseous 
food, may become impure to the degree of being indigestible to our 
lungs and utterly unfit for the performance of functions wbich are 
quite as important as those of our solid and fluid victuals. Dull 
headaches, nausea, loss of appetite and of the sense of smell, and the 
sadness produced by the unsatisfied hunger after oxygen, are only 
incidental and secondary evils; the great principal curse of the trog- 
10dyte-Ilabit is its influence on the respiratory organs. In 1853, when 
Hanover and other parts of Northern Germany were visitEd by a very 
malignant kind of small-pox, the great anatomist Langenbeck tried 
to discover" the peculiarity of organic structure which disposes one 
man to catch the disease while his neighbor escapes. . . . I have cut 
up more human bodies than the Old l\lan of the 
Iountain with all his 
accomplices," he writes from Göttingen in his semi-annual rerort, 
"and, speaking only of my primary object, I must confess that I am 
no wiser than before. But, though the mystery of small-pox has 
eluded my search, my labors have not been in vain; they have re- 
vealed to me something else-the origin of consumption. I am sure 
now of what I suspected long ago, viz., that pulmonary diseases have 
very little to do with intemperance or with erotic excesses, and much 
less with cold weather, but are nearly exclusively (if ,ve except tuber- 
culous tendencies inherited from both parents, I say quite exclusively) 
produced by the breathing of foul air. The lungs of all persons, 
minors included, ,vho had worked for some years in close workshops 
and dusty factories, showed the germs of the fatal disease, ""bile con- 
firmed inebriates, who had passed their days in open air, had pre- 
servefl their respiratory organs intact, whatever inroads their ex- 
cesses had made on the rest of their system. If I should go into 
practice and undertake tbe cure of a consumptive, I should begin by 
driving him out into the Deister (a densely-wooded lllountain-range of 
Hanover), and prevent him from entering a house for a year or two." 
The ablest pathologists of the present time incline to the same 
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view. "There is a cure for consumption," says Dio Le,vis, "though 
I doubt if it will ever become popular. Even in its advanced stagc
 
the disease may be arrested by roughing it 7' I mean by adopting 
savage habits, and living out-doors altogether, and in all kinds of 
\veather." 
That low temperature in open air does not injure our lungs has 
been recognized even by old-school physicians, who now send their 
patients to Minnesota and Northern l\lichigan quite as often as to 
Florida; and is conclusively proved by the fact that of all nations of 
the earth, next to the inhabitants of the Senegal highlands, the N 0)'- 
wegians, Icelanders, and Yakuts of N ortbern Siberia, enjoy the most 
perfect immunity from tubercular diseases. Dry and intensely cold 
air preserves decaying organic tissue by arresting decomposition, and 
it would be difficult to explain how tbe most effective remedy came to 
be suspected of being the cause of tuberculosis, unless we remember 
that, \vhere fuel is accessible, the disciple of civilization rarely fails to 
take refuge from excessive cold in its opposite extreme-an over- 
heated artificial .atmosphere-and. thus comes to connect severe "\vÌn- 
tel'S with the idea of pectoral complaints. 
There is a rather nunlerous class of beasts whose lungs seem 
able to adapt themselves to an atmosphere almost devoid of oxygen, 
but the hU1l1an animal and the Quadrumana do not belong to that 
class. l\fonsieur de la ßIotte-Bandin, who was connected with tl)e 
scientific staff of the Jardin des Plantes as their" menagerie-doctor" 
for more than t,venty years, never omitted to dissect his deceased 
patients before turning them over to the taxidermist, and invariably 
found that all monkeys had succumbed to some variety of phthisis, 
while the lungs of the badgers, bears, and foxes, were perfectly sound. 
The three last-named animals are natural cave - dwellers, and have 
been provided with organs especially contrived to resist the effluvia 
of their burrows; while the SÙniæ, like man, are open-air creatures, 
whose proper atmosphere is the cordial air of woodlands. 
Alnong the natives of Senegambia pulmonary affections are not 
only nearly but absolutely unknown; yet a single year passed in the over- 
crowded man-pens and steerage-hells of the slave-trader often sufficed 
to develop the disease in that n10st virulent form known as galloping 
consumption; and the brutal planters of the Spanish Antilles made a 
rule of never bnying an imported negro before they had" tested }1is 
wind," i. c., trotted him up-hill and watched his respirations. If he 
proved to be " a roarer," as turfmen tenn it, they knew that the dun- 
geon had done its ,york and discounted lJÏs value accordingly. " If a 
perfectly sound man is imprisoned for life," says Baron d' A.rblay, the 
Belgian philanthropist, "his lungs, as a rule, will first show symptoms 
of disease, and shorten his misery by a hectic decline, unless he should 
commit suicide." 
Our home statistics show that the 'Percentage of deatbs by con- 
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sumption in each State bears an exact proportion to the greater or 
slnaller number of inhabitants who follow in-door occupations, and 
is highest in the factory districts of New England and the crowded cit- 
ies of our central States. In Great Britain the rate increases with tbe 
latitude, and attains its maximum height in Glasgow, where, as Sir 
Charles Brodie remarks, ,vindows are opened only one day for every 
two in Birmingllam, and every three and a half in London; but going 
farther north the percentage suddenly sinks from twënty-three to 
eleven, and even to six, if we cross the fifty-seventb parallel, which 
marks the boundary between tbe manufacturing counties of Central 
Scotland and the pastoral regions of the north. 
It is distressingly probable, then, to say the least, that consump- 
tion, that most fearful scourge of the hum
 race, is not a " mysteri- 
ous dispensation of Providence," nor a "product of our outrageous 
climate," but the direct consequence of an outrageous violation of 
the physical laws of God. Dyspepsia (for which also open-air exer- 
cise is the only relnedy), hypochondria, and not only obstruction but 
destruction of the sense of smell-" knowledge from one entrance 
quite shut out "-,vi11 a11 be pronouncecl nlere trifles by anyone ,,,ho 
has witnessed the protracted agony of the Luft-N ot11, as the Ger- 
mans call it with horrid directness-the frantic, ineffectual struggle 
for life-air. Dr. IIa11eI' thought that, if God punishes suicide, he ,vould 
make an exception in favor of consumptives; and there is no doubt 
that, without the merit of martyrdom, the victim of the cruel dis- 
ease endures worse than ever Eastern despot or grand-Inquisitor 
could inflict on the objects of his wrath, because the same amount of 
torture in any other form would induce speedier death. 
But not only the punishments but also the ,varnings of Nature 
are proportioned to the Inagnitude of each offense against JIer laws. 
Injurious I substances are repulsive to our taste, incipient exllaustion 
,varns us by a feeling of hunger or weariness, and every strain on our 
franie that threatens us with rupture or dislocation announces the 
danger by an unmistakable appeal to our sensorium. How, then, 
can it be reconciled with the immutable laws of life that the great- 
est bane of our physical organism overcomes us so unawares that 
consumption is proverbial1y referred to as tbe insidious disease? 
Should it real1y be possible that N atnre bas failed to provide any 
alarm-signals against a danger like this? The truth is, that Done 
of her protests are more pathetic or more persistent than those di- 
rected against the "habit that is fraught with such pernicious conse- 
quences to our respiratory organs. 
It is prol)ahle that some of tbe victims of our numerous dietetic 
abuses have become initiated to tl1ese vices at such an early period 
of their Jives t11at they have forgotten the time when the taste of tea 
and alcohol seemed bitter, or the sl11el1 of tobacco produced nausea; 
but I am certain tbat no man gifted with a moderate share of memory, 
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who has grown up in the pest atmosphere of our city tenements, 
school-rooms, and workshops, can forget the passionate yearnings of 
his chi1dboocl for the free air of the woods and mountains; tbe ,vild 
outcry of his instinct against the process that inoculated hÌIn with 
the seeds of death, and stunted the development of his most vital 
faculties. The remorselessness of the pagan Cbinese, .who smother 
tho life-spark of their infants in the swift embrace of the river-god, is 
Inercy itself compared to the cruelty of Christian parents who suffo- 
cate their children by the slow process of stinting their life-ail', through 
years and years of confinement in dungeons to which an enlightened 
community would not even consign their malefactors. 
Honest Jean Paul relates that he used to secure a seat in a certain 
corner of an overcrowded village schoolhouse, where a knot-hole in 
the wall established a communication ,vith the outer ,vorld. Through 
this orifice he imbibed comfort and inspiration as from a flask, ùut 
conceived conscientious scruples against the practice, as he never 
could indulge ,vithout becolIlÌng conscious of a temptation to aùan- 
don his old parents and his home, and join a troop of wood-cutters or 
gypsies, not from any vagrant tendencies, or want of dutiful sentiments, 
but froln an aln10st irresistible desire to make the luxury of fresh air 
a permanent blessing. "I knew they ,vonld charge Ine ,vith black 
ingratitude, if I should run away," he saJ"s. "Good God! how I 
longed to prove Iny affection by working for them in wind and ,veath- 
er, fetching in cord-\vood from the woods and splitting it iuto tIle 
nicest, handiest pieces, carrying messages over the snow-covered 
Illountains and be back in half the time anyone else could make the 
tr.ip-c1o anything that would save me-not from my books, but from 
that glowing :\Ioloch of a big stove, and that stifling, soul-stifling 
smell of our dungeon! " 
Even to the most inveterate believer in natural depravity this 
might suggest a doubt whether the repugnance of children to study 
may not be founded on a physical virtue rather than on n10ral per- 
verseness. To whatever is real1y beneficent we are commonly drawn 
by natural attraction, and whatever appears yiolently repulsive to 
youthful minds may be justly suspected of containing more of eyil 
than of good. 
'he very disciple of Socrates who used to run six- 
teen miles a day to hear the ãplGTOÇ laTplùv (best of physicians), woultl 
have hesitated to purchase physic for Ilis soul at the price of l)hysicaJ 
health; and we cannot blame our children for being unable to recon- 
cile the precepts they hear with those they feel, and giving \vay now 
and then to the more consistent and more logical pronlpter. 
The farmer's boy may look for,,"'ard to each afternoon and each 
SUlnmer vacation as a refreshing interlude, and to the last term of 
his school-years as the last act of the tragedy; but in cities the end 
of the 8chool-rooln bondage is too often the ùeginning of the endless 
slavery which awaits the young apprentice of the workshops, facto- 
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ries, and counting-houses. In N ortbwestern Europe 3nd the Eastern 
States of North America, eleven million human heings, a fourth of 
that number n1Ïnors, are performing their daily toil in an atn10sphere 
that saps the yigor of their souls and bodies more effectually th311 a 
diet of potatoes and water could do it in the same time. A fun third 
of the cotton-spinners of Lancashire and l\Iassachusetts are girls and 
boys in their tecns! They do not complain to a stranger, unless he 
should be able to interpret the language of their h3ggard faces and 
,yeary eyes; but no one 'who has fathomed the depth of their misery 
will charge me w'Ïth exaggeration if I say that, to the vast majority of 
the unfortunates, loss of feeling and of reason ,yould be a ùlessin
. 
\Yhat do they feel but nn::,atisfied hunger in a hundred forms, and 
what can reason tcll then1 but that they h
ve ùeen defrauded of their 
birthright to happiness; that not only their opportunity but their ca- 
pacity for enjoYluent is ebbing away; and that, whatever after-ye3rs 
fIlay bring, thcir life h38 been robbed as a day of its mornil1g or a 
J,ear of its spring-time? 
The opium-habit may be acquired in less than half a year, and the 
natural repugnance to alcohol and tobacco is generally overcon1e after 
four or five trials; but the factory-slave has to pass through ten or 
fifteen years of continual struggle against his l)hysical conscience, 
before the voice of instinct at last becomes silent, 3nd the })ainful 
longing for out-door life gives way to th3t anæst11esia by whicb N a- 
ture palliates evils for w}Úcb s}1e has no renledy. In lllore advanced 
years the habit beC0111eS continued, 3ncl ,ve find old llavitués who 
actually enjoy tbe effluvia of their prisons, and dreaa cold air and 
" drafts" as they would a messenger of deat}). They avoid cold in- 
stead of impurity, just as tipplers on a 'warm day imaginc that they 
'would "catch their death" by a draught from a cool fountain, but 
never hesitate to s,vallow the monstrous mixtures of the liquor-vender. 
Rousseau expres8es a belief .that any man, ,vho has preserved his 
native telnperance for the first twenty-five years, will aftcl"w3rd be 
pretty nearly proof against temptation, because very unr..ntur31 h3bits 
can only be acquired ,vhile our tastes have the pliancy of iml1l3turity, 
and I think the same holds good of the troglodyte-habit: no one who 
lIas passed twenty or twenty-five years in open air can be bribed very 
easily to excbange oxygen for miasm3. 
Shan1yl-ben-Iladdin, the Circassi3n hero chieftain, who W'3S capt- 
ured by the nussians in the winter of 1864, was carried to N ovgorod 
and imprisoned in an apartment of the city armory, wbich resembled 
a cOlufortable bedehamber rather than a dungeon, and was otherwise 
treated 'with more kindness than the Hussians are ""ont to show their 
prisoners, as the Governluent hoped to use his influence for political 
purposes. But:1 ,veek after his arrival in N ovgorod the captive InOUl1- 
taineer demanded an interview with the cOll1m3nder of the arn10ry, 
and offered to resign his liberal rations and subsist on bread 3nd cab- 
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bage-soup like the private soldiers of his guard, and also to surrender 
some valuables be had concealed on bis person, on condition tbat they 
,yould permit him to sleep in open air. One more ,veek of such nausea 
and headache as the confinement in a closed l'oom had caused him, 
would force him to commit suicide, he said, and, if his request was 
refused, God would charge the guilt of the deed on his tormentors. 
Mter taking due precautions against all possibility of escape, they 
permitted him to sleep on the platform in front of the guard-house; 
and Colonel Darapski, the commander of the city, inforn1ed his govern- 
ment in the following spring that the health and general behavior 
of his prisoner were excellent, but he had slept in open air everyone 
of the last hundred nights, with no other covering but his own "Torn- 
out mantle, and a woollen cap he had purchased from a soldier of the 
guard to keep his turban from getting soiled by mud and rain. 
General Sam Houston, the liberator of Texas, who had exiled him- 
self from his native State in early manhood, and passed long years, 
not as a captive, but as a ,:oluntary companion of the Cherokee Indians, 
was ever afterward unable to prolong his presence in a crowded ball 
or ill-ventilated room beyond ten or twelve lllinutes, and described 
his sensation on entering such a locality as one of "uneasiness, increas- 
ing to positive alann, such as a mouse may be supposed to feel under 
an air-pump." 
The cause of this uneasiness is less mysterious than our nature's 
wonderful power of adaptation that can help us ever to overcome it. 
The elementary changes in the human body are going on with such 
rapidity that the waste of tissue and organic fluids is only partially 
retrieved by the digestible part of the substances ,vhich we feed 
to the abdominal department of our laboratory twice or thrice in 
twenty-four hour
" The difference is n]ade up by the labors of the 
upper or pectoral departnlent, \vhich renews its supply of r
l\V mate- 
rial independently, or even in spite of our .wi}], twenty times per 
minute, or 70,000 times in twenty-four hours! With every breath 
we draw "Te take into our lungs about one pint of air, so that th
 
quantity of gaseous food thus consun1cd by the body amounts in a- 
day to 675 cubic feet. The truth, then, is that eating and drinking 
may be considered as secondary or supplementary functions in the 
complicated process perforllled by that living engine caned the anin1al 
body, while the more important task falls to t}}e share of the lungs. 
The stoluach Inay suspend its labors entirely for t\venty-four honrs 
without serious detriment to the systelll, anù for two or three days 
\vitI)out endangering life, while the "
ork of re
piration cannot be 
interrupted for six minutes "rithout fatal consequences. 
The first object of respiration is to introduce elements needed in 
the preparation of blood, tIle second to ren10ve gaseous cnrbon and 
other secretions of the air-cells. The deleterious consequences, tl]ere- 
fore, of breathing the same air over and over again arise not only 
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from the exhaustion of oxygen, but also from tbe circumstance that 
the confined atmosphere may become azotized or surcharged with 
carbon to the limit of its absorbing powers, just as water, after "being 
saturated ,vith certain percents of salt or sugar, refuses to dissolve any 
further additiQns. The act of reinsl)iring air, which has already heen 
subjected to the process of pulmonary digestion, is thus precisely anal- 
ogous to the act of a famished animal devouring its own fæces, and if 
performed habituaHy cannot fail to be attended ,vith equal1y ruinous 
consequences. Corruption of the alimentary ducts would surely en
ue 
in the latter (supposed) case, })utrefaction of the respiratory organs 
dof3.s follow in the other. 'V orking-men employed in localities wbos
 
azotized atmosphere is loaded besides with particles of flying cotton- 
fibre, metallic dust, or fatty vapors, inspire "(
ubstances ,vlJÏch are just 
as indigestible to their lungs as mercury and alcohol are to their 
stomachs, and like these cause a rapid deterioration of the tissues in 
proximity to which they are deposited. 
The only wonder, then, is how Nature can resist outrages of this 
kind for any length of time; and it is a curious reflection to think 
what amounts of hardship of the primitive sort, such as hunger, 
fatigue, cold, heat, depri\'ation of slee}), etc., a healthy savage might 
accuston1 himself to, if be tried as hard as the poor children of civili- 
zation try to ,vean themselves from their hunger after life-air! 
Can necessity be-we will not sayan exeuse, but-an explanation 
of such systematic self-ruin? 1Ve must utterly refuse to believe it. 
"\Vherever men barter life for bread, there is a violent presumption that 
they do not know ,vhat they are doing; for against recognized health- 
destroyers even the poorest of the poor will rebel 'with a pron1}Jitude 
that vindicates the digr.ity of human nature under the 1110St abject 
conditions of bondage. Let a railroad contractor be caught in tbe 
trick of adulterating bis flour with chalk or his sugar with alulll, and 
see how quickly his navvies will leave him; or obbC)'ve how firmly 
reckless Jack Tar insists on his anti-scorbutic raspberry-vinegar! 
l\Iiners ha\'e left a colliery en 'Jnasse, because tIle OWIler shirked bis 
duty of providing safety-lamps; and the very negro slaves of a South 
Carolina plantation attempted the life of their mastrr, who stinted 
their allowance of quinine brandy which llÍs fatller had issued them to 
counteract the miasmatic tendencies of the rice-s'wamp. 
Neither is it'possible to suppose that ,vant of hygienic education 
can be the origin of such ignorance; for K ature does not ,vait for the 
scientist to infornl her children on questions of such importance. All 
normal things fire good, all evil is abnormal; vice is a consequence of 
ignorance only in so far as it is a result ofperverse education, and the 
troglodyte-habit is the direct offspring of mediæval monachism. Un- 
til after the fourth century of the Christian era, habitual in-door life 
between closed walls ,vas kno,vn only as tl1e worst fornl of pnnis}l- 
mente Though the Greeks and Romans were Ütmiliar with the man n- 
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facture of glass, they never used it to obstruct their windows; in all 
the temples, palaces, and dwelling-houses of antiquity, the apertures 
provided to admit light admitted fresh air at the same time. The 
tU{Juria of the Roman peasants were simply arbors; and the domiciles 
of our hardy Saxon forefather
 resembled the log-cabins of Eastern 
Tennessee-rough-hewed logs laid crosswise, with liberal interspa.ces 
that serve as "windows on all sides except that opposed to the prevail- 
ing wind, north or northwest, "There they are stopped with moss. 
)\fen had to be utterly divorced from Nature before they could pre- 
fer the hot stench of their dungeon
 to tbe cool breezes of heaven, but 
our system of ethics has proved itself equal to the task. For eighteen 
hundred years our spiritual guides have taugbt us to consider Nature 
and everything natural as wholly eyil, and to substitute therefor tbe 
supernatural and the artificial, in physical as well as in moral life. The 
natural sciences of antiquity they superseded by the artificial dogma, 
suppressed investigation to foster belief, substituted love of death for 
love of life, celibacy for marriage, the t\vilight of their gloomy vaults 
for the sunshine of the Chaldean mountains, and their dull religious 
" exercises" for the joyous games of the palæstra. This system taugbt 
us that the love of sport and out-door pastimes is wicked, that tbe flesh 
has to be " crucified" and the buoyant spirit crushed to make it accept- 
able to God; that all earthly joys are vain; nay, that the earth itself is 
a vale of tears, and the heaven of the Hebrew fanatic our prover home. 
"The monastic recluse," says Ulric Hutten, "closes every aper- 
ture of his narrow cell on his return from midnight prayers, for fear 
that the nightingale's song might intrude upon his devotions, or the 
morning "rind visit hiln \vith the fragrance and the greeting of the 
hill forests, and divert his mind to earthly things from things spiritual. 
He dreads a devil ,vherever the Nature-loving Greeks ,vorsbiped a 
god." These narro\v ceBs, the dungeons of the Inquisition, the 
churches whose painted windows excluded not only the 3ir but the 
very light of heaven, the prison-like convent-schools and the general 
control exercised by the Christian priests over the domestic ]ife of their 
parishioners, laid the foundation of a habit which, like everything un- 
healthy, became a second nature in old l
abitués, and gave birth to tbat 
brood of absurd chimeras which, under tbe name of" salutary precau- 
tions," ins p ire us witb fear of the nio-ht air of-" cold drauo-hts , " of 
ð' 0 
nlol'ning dews, and of Thlarch winds. 
I have often thought that 'Jnistrust in our lnstincts woulù be the 
JllOst appropriate word for a root of evil which has proc1uc p d a more 
plentiful crop of misery in modern times than all the sensual exces
cs 
and ferocious passions of our forefathers taken together. What a dis- 
mal ignorance of the symbolic langu3-ge by which Nature expresses her 
will is implied by the idea that the s\vect breath of the sumIncr night 
,vhich addresses itself to our senses like a blcssino- fro III heaven could 
o 
be injurious ! Yet nine out of ten guests in an ()verheated hallroom 
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or travelcrs in a crowded stage-coach will protest if one of thcir num- 
ber ventures to open a window after sundown, no matter ho,v glori- 
ous tbe night or how oppressive the efHuvia of the closed apartIllent. 
Pious men they lnay be, and most anxious to distinguish good from 
evil, but they never suspect that God's revelations are "Titten in an- 
other language than that of the lIebrew dogmatist. Here, as else- 
,vhere, men suppress their instincts Ì11stead of their artificial cravings. 
If we have learned to interpret the fact that a child whose mind is not 
yet biased by any hearsays is sure to prefer pure and cold air to the 
miaslnatic "comfort" of a close room, the troglodyte-habit will dis- 
appear, as intemperance will vanish if we recognize the significance of 
that other fact-that to every beginner the taste of alcohol is repul- 
sive, and that only the tenth or twelfth d
is of the obnoxious sub- 
stance begins to be relished; just as the Russian stage-conductor 
relishes the atmosphere of his ambulant dungeon, whatever may have 
been his feelings of horror on the first trip. 
If ever we recognize a truth which was familiar enough to the an- 
cients, but seems to have been forgotten for the last ten or twelve 
centuries, viz., that onr noses were given us for some practical pur- 
pose, tbe architecture of our dwellings, our factories, school-rooms, and 
places of ,vorship, win be speedily corrected; and even the builder of 
an immigrant-ship will find a way to modify that floating Black IIole 
of Calcutta called the steerage. Prisons, too, will be modeled after 
another plan. Our right to diet our criminals on the ineffable mixt- 
ure of odors "Thich they are now obliged to accept as air depends 
on the settlement of the question 'whether the object of })unishment is 
reform or revenge? In tIle latter case the means answer the purpose 
with a vengeance indeed: in the first case there is no more excuse for 
saturating the lungs of a prisoner with t1le seeds of tuberculosis than 
there would be for feeding him on trichinæ or inoculating him with 
the leprosy-virus. 
The exegesis of consumption very nearly justifies l\IicI1elet's para- 
dox-that the greatest evils might be easiest avoided. " There is no 
excuse for famine," says Varnhngen von Ense; ""ye could all live in 
clover if '\ve did not misapply a large portion of our arable land to the 
Ju'oduction of tobacco, opium, and other poisonous weeds, and send 
ship-loads of our breadstuffs to the distillery. I am sure that if tbe 
spontaneou5 productions of the soil furnished us mountains of grain 
and rivers of honey, 'we would still manage to use it up in the manu- 
facture of intoxicating poisons, and complain of hunger as before. If 
anyone should doubt thi
, let him reflect on tbe fact that, '\vhile we are 
surrounded by a respirable atmosphere of more than 800,000,000 cubic 
miles, civilization lias contrived a farnine of aÙ.J " 
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AND SOLAR SYSTEMS DIFFERENT FRO
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E ACII of the stars which glitter in the depths of space is a volu- 
n1Ìnous and massive sun like that ,vhich gives light to our 
earth. Distance alone reduces them to the appearance of fixed points. 
If ,ve could approach .any one of them we sbould experience the same 
im pression as in passing from Neptune to the sun; the star 'would 
iucrease in size as we should approach it; it would soon exhibit a cir- 
cular disk and continue to increase its proportions TIntil they would 
be as large as the sun; finally, this hllninous disk, continuing to in- 
crease in consequence of our approach, would expand and present 
itself as a fiery furnace filling the entire heavens-a colossal blaze, 
under which we would be reduced to nothing, melted like ,vax, vapor 
ized like a drop of ,vater dropped on red-hot iron! Such is every star 
in the heavens. 
Each sun in space has its special sphere of attraction, a sphere 
which extends to the limit of neutralization by another. This attrac- 
tion diminishes in tbe inverse ratio of the square of the distances, 
but never becomes absolutely nothing. At the distance of Neptune 
the solar attraction is 900 times less than at the distance of the 
earth. 'Vhile the earth if it were stopped in its course ,yould fall 
toward the sun 294 hunch"ed-thousandths of a metre during the first 
second of titne, Neptune would fall only 327 hundred-n1illiontbs of a 
metre in the same time. At the aphelion distance of the comet of 
1680 the fall to,val.d the snn is only the minute distance of 4] 6 hun- 
dred-billionths of a metre during tbe first second of time. This at- 
traction continues thus to decrease as the distance increases. But, at 
tbe same time, if a body moves in the direction of one of the neigh- 
boring stars, it begins immediately to receive its influence. The star 
nearest us is at a distance 210,000 times greater tnan that 'which sep- 
arates tIle earth from the sun , or eicrht trillions of leacrues , . it is the 

 
 
star Alpha Centauri, a brilliant double star whose orbit and mass I 
have calculated. This mass is equal to the half of that of the sur.. ; 
it happens that if one conlil travel from the sun to thiR star a point 
,vould be reached where the attraction of the two would neutralize 
each other; this point is three-quarters of the distance which sepa- 
rates us, that is, six trillions of leagues from our sun, or, what is the 
same, two trillions of leagues fronl Alpha Centauri, tIle whole distance 
being eight trillions. At that point, a celestial body, a comet, .would 
hesitate a
 to which conrse to pursue, would weigh nothing, 'woula 
1 Translated from the French hy P. 
\. Towne. 
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stop in its flight; but the feeblest outward influence would be felt, 
throwing it either into the sphere of attraction of our sun or into that 
of Alpha .Centauri. 
This sun called Centaurus is located in the southern sky, near the 
antarctic pole. It appears to us in the form of a bright star of the 
first magnitude. The sun nearest to us, next after this, is situated in 
the northern sky, in the constellation Cygnus, or the Swan. It is 
famous as 61 Cygni. Its distance is 400,000 times the radius of the 
earth's orbit, or about fifteen trillions of leagues. I have often observed 
this star: it is just visible to the naked eye, but to the telescope it is 
double, as tbe preceding, only its components do not move arou
d 
each other, it conclusion which has much surprised me, although ar- 
riveJ at by comparing all the observatiol11\ made during tbe last hun- 
dred years; its mass, therefore, cannot be determined. But, however 
that may be, the fact which should impress us is that the distances 
which separate the suns of tbe universe are l'eckoned not by mil1ions, 
nor by bil1ions, but by trillions of leagues. 
The most brilliant star of our sky, SIRIUS, is a sun whose volume, 
judging from its light, sbould be 2,600 times larger than that of our 
sun. Its distance is about 897,000 times thirty-seven millions, that is 
about thirty-three trillions of leagues. 
Let us mention again among" our neighbors" the sixty-second of 
Ophiuchus, situated near the equator. I have calculated that it ,,"'eighs 
about three tÏ1nes as rnuch as our sun, that is, 900,000 times more 
than the earth. Its distance is 1,400,000 tiJlleS the semi-diameter of 
the earth's orbit, that is, fifty-four trillions of leagues. 
Astronomers, since the time of I{el)ler, agree in admitting that 
each of the countless suns that fin infinite space is the centre of a sys- 
tem analogous to the })lanetary s)'FstmTI of wIlÍch ,ve form a })a1't. 
Each of these suns that we see in the sky shows to us a luminous fire- 
side around which other human families are gathered. Our eyes are 
too feeble to see these unknown planets. The most po'werful of our 
telescopes do not yet reach down to these depths. But Nature con- 
cerns itself neither with our eyes nor with our telescopes, and 
o, be- 
yond the boundaries that stop the flight of our tired conceptions, she 
continues to display her boundless and magnificent 'works. 
However, the bour has come when these planetary systelns different 
fron1 ours cease to slumber in the domain of hypothesis. In spite of 
the telescope, celestial Inechanics llave already revealed the existence 
of obscure stars, inyisible in tIle rays of these distant suns, lnlt ,y}JÏch 
affect thenl in their proper movements across inlnlensity; and already 
powerful telescopes have contemporaneously recognized several among 
the stars known before to exist only in hypothesis. 
One of the most splendid conquests of sidereal astronomy has been 
the discovery of the system of Sirius, made some fifteen years since. 
For a long time, from careful measures of its position, it has been 
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renlarked that this brilliant star is slowly moving in space, like all 
the other stars, but that its proper rnovement is not uniform; aud 
Bcssel annoullced, thirty years ago, that at some tinle there would be 
diseovered, without doubt, a world of its system moving around it 
and disturbing it in its progress. This discovery was Iuade ill 1862. 
The cOJnpanion of Sir
us was then almost exactly on the eastern side, 
quite slnall, and buried in the rays of the star. Since that year it has 
been constantly ,vatched 1)y the aid of po'werful instrull1ents, and it is 
seen to slowly gravitate around the t;irian suu. 
But this con1panion certainly does not follow the theoretic orùit 
calculated to corresp'ond to the I>erturbations noted in the proper 
n10ven1ent of the brilliant star. Differences more and more nlarked 
are sho\vn between the calculated ellipse and the observed ellipse. 
'The following is the orbit calculated by the Gennan astronomer Au- 
wer::; in ] 864: to correspond ,vith recognized perturbations: 
Passage by lower apsis. . . .. . . .. . .. ......................... 1793.890 
Annual movement... . . . . . .. . . .. . . .. . . . .. . . . . . . .. . . .. . . .. . . . . 70.2847:5 
Period... .. ... . . .. .. . . ., .. . . .. . . .. . . .. .. . . .. . . . . . " . . .years 49.418 
Eccentricity.........................._...... ............... 0.6010 


The last orbit calculated by AlHvers, placed in the form of the 
orbits of double stars, anù given as defillitiv(\, is the following: 
Pcrihclion passage.. . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. 1843.275 
Lon
itude of node... . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . 61 0 .57,8 
Angle between node and perihelion.. . . . . . . . . . . . . . . . . . . . . . . . . ... 18".54,5 
Inclination.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 0 .8,7 
Eccentricity. '. . .. . . .. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . 0.6]48 
SClni-major axis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . '7" .331 
Period.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . years 49.399 


From these elements, the limits of distance ought to be 2.31" at 
302.5 0 in 1841, and 11.23" at 71.7 0 in 1770, and the ephenleris is- 


1862.. . . . . . . . . . . . . . 
] 8ô:5.. . . ., . . . . . . . . . 
1868.. . . . . . . . . . . . . . 
1871.............. . 


8:5 0 .4 
79".9 
75 0 .0 
70".3 


10".10 
10".78 
11 ".15 
11".20 


1874. . . . . . . . . . . . . . . 
1876.. . . .. . . .. . . . . . 
] 878.. .. .......... 
1880.. . . .. . . . . . . .. I 


6:)0.0 
6
0.1 
M
o -t 
ü4 0 .2 


10".ü5 
10".39 
10".0:> 
9".33 


But, in nlaking out my " Catalogue of Double Stars in l\IoY(\nlent.," I 
}1:1Ve found that all the ohservations on the satellite of Sirius gi \'e the 
following means for each year since its discovery: 


1862.. . . . . . . . . . . . . . 
1863.. . . . . . . . . . . . . . 
1864.. . . .. . . . . . _ . . . 
1863.. . . . . . . . . . . . . . 
1866.. . . . . . . .. . . . . . 
1867.. . . . . . . .. . . . . . 
1868.. . . . . . . .. . . . . . 
186ü.............. . 


84 0 .6 
82 0 .2 
79 0 .0 
'76 0 .7 
'75 0 .0 
'73 0 .9 
700.4 
72 0 .3 


10".08 
9/1.84 
10" 33 
10".36 
10".61 
10".39 
11".18 
10".92 


VOL. XII.-4 


1870.. . . . . . . . . . . . . . 
1871... . . .. . . .. . . .. 
1872.. . . .. . . . . . . . . . 
1873........ ...... 
1874.. . . . . ........ 
1875.............. . 
1876.. . . ., . . . . . . .. . 
1877.. .. .......... 


6:5 0 .0 
63 0 .0 
61 0 .3 
62 0 .7 
fi8 0 .!> 
55 0 .:> 
53 0 .2 
51 0 .0 


12".06 
11".79 
11 ".34 
11 ".33 
11/1.18 
11 ".30 
11".51 
11" .40 
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Pardon these figures! But they form the basis of the reasonings 
'which constitute the groundwork of this article, and it is essential to 
consider them in order to know on what to rely in discussing the sys- 
tem of Sirius. In comparing t.he
e last numbers with those of the 
preceding ephemeris, we see at the first glance that the angle din1Ïn- 
ishes more rapidly than had been announced, while the distance has 
continued to increase since 1870 instead of having attained its maxi.. 
mum on that year, as the orbit of Auwers indicated. It is still fnr- 
tIler s}Jown by the diagram I have constructed tIJat tIle arc of th
 
observed orùit crosses the calculated orbit about 1868 and is pro- 
jected outside of it, pursuing a ,vholly different curye whid! must be 
larger than the orbit traced and less eccentric. 
If the observed nlotion ,vere the mean' motion, the reyolution of 
the satellite would be accomplished in a period of about one hundred 
aud sixty-seven years. But the arc passed is yet too sman to allow 
a,ny positive conclusion, anò, as the observed perturbations of Sirius 
(lCIUand a period of forty-nine years, ,ve are broug}lt to the conclu- 
sion that the observed cOlnpanion continues to acc(>lerate its motion 
and wilJ be found in the west. of Sirins in 1892, or else there is anoUler 
body causing- perturbation nearer Siriu
, and moving more rapidly. 
We should re!'erve all conclusions ill regard to the existence of 
these other satellites, as ,yell as all difference of period between the 
observed orbit and tbe calC'ulated orbit; but the inevitable conclusion 
is, that the observed positions do not correspond ,vith those of the 
ephemeris, and that the orbit thence resulting differs from the calcu- 
lated orbit. 
By the aid of all the observations I }Jave constructed the figure, 
which sho"Ts the movenlent of the obser,'ed planet fron1 1862 to 1877. 
The central disk represents Sirius; the four cardinal points are indi- 
cated by dotted lines; tbe proper movement of Sirius in space is 
J11arkl}d by the large arrow, whose length corresponds exactly to this 
movement during ten years (t he figure is drn:wn to the precise scale 
of ten millimetres for :1 second). If the small star discovered in 18G2 
to the east of Sirius did not belong to it, if it 'was situated ill the 
depths of space far beyond, it would have remained fixed, and Sirius 
woulJ have nloved from it in the direction indicated by the arrow. 
But, on the contrary, it belongs to Sirius, accompanies tlJat sun in its 
progress as the earth accompanies its sun, and turns around it in an 
elliptic orhit. It has yet traversed, from 1862 to 1877, only the line 
marked on the figure-a curve not long enough to enable us to calcu- 
late the remainder of its orbit. As it is seen, this Ftar is quite snla11 
by the si1e of Sirius, but still larger than Jupiter relativ('ly to our sun. 
Is it an immense planet, total1y opaque and shining only hy reflection 
of the light of Sirius? This is not probable; it must still he self.. 
luminol1s just as our own earth was during so nlany ages. It does 
not correspond exactly to the observed perturbations, a fact wLich 
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proves that the system of Sirius certainly contains other worlds yet 
unseen. Our lamented friend Goldschrnidt believed he saw three 
other planets. Thus, in conclusiou, "TC haye a solar system, outsiJe 
of our O"Tn, as an object of study. 
"r e kno,v a great number of stars ,yhich are accompanieJ by 
smaller stars n10ving around them like the earth aroulid the sun. 
These systen1s, which are now numbered by llundreds, have been so 
carefully observed that we have been able to calculate the orbits and 
periods of the planets, brilliant or opaque, which compose them. 
It is, then, 110 longer on mere hypothesis that we can speak of solar 
systems other than our own, but w'Ïth certainty, since ,ve already 
kno,v a great number, of every order and of every nature. Single stars 
should be considered as suns analogous tð our own, surrounded by 
})lanetary worlds. Double stars, of ,vhich the second star is quite 
small, should be placed in the same class, for this second star n1ay be 
an opaque planet reflecting only the light of tbe large one, or a planet 
still giving out heat and light. Douùle stars of 'which the two com- 
ponents give the sarrie brightness are combinations of tV{O suns around 
each of which may gravitate planets inY
sible from this distance; 
these are worlds absolutely different from those of our system, for 
tAey al.e lighte(l 'Up by two suns, sometimes simultaneous, sOllletiules 
successive, of different magnitudes, according to the distances of the
e 
planet
 from each of theln; and they have double years of which the 
winter is warn1ec1 hy a supplementary sun, and double days of which 
the nights are illuminated, not only by ll100ns of different colors, ùut 
also by a new sun, a sun of night! 
Those brilliant points 'which sparkle in tbe midnight sky, and 
which have, during so lnany ages, remained as mysteries in the imagi- 
nation of our fathers, are therefore veritable suns; Ï1nmense and mighty, 
governing, in the parts of space lighted by their splendor, systeols 
different from that of which we form a part. The sky is no longer a 
gloonlY desert; its ancient solitudes have become regions peopled 
like those in which the earth is located; obscurity, silence, death, 
which reigned in these far-off distances, have given place to ligbt, to 
motion, to life; tl10usands and n1Ïllions of suns pour in vast 'V:1ves 
into space the energy, the heat, and the diverse undulations, ,vhich 
emanate from their fires. All these movements follow each other, 
interfere, contend, or harmonize, in the maintenance and incessant 
developnlent of uni versallife. 
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THE DIFFERE:NCES OF TIIIKGS. 


By JOHN W. SAXON. 


O OULD a man do himself up into a mathenlatical point and throw 
himself into the middle of infinite empty space, wherever that 
is, he would be surprised at the flatness of life under such circum- 
stances. Infinite empty space is absolute sameness. It is, so far as I 
ha ve traveled the field of mental possibilities, the only specimen of 
the thinkable or the unthinkable of which we can say, "It is all 
alike. " 
Should ,ve melt up the nutttcr which is supposed to be scattered 
throughout infinite space, and then, by increased heat, turn it into 
gas, and expand it ti1] all the systems of the universe became one 
infinitely-extended and equally-distributed universe of intermingled 
gases, we should have about as little variety as in the case of ell1pty 
space. 
Having unshackled the universe, and brought chaos back again, 
having secured a condition somewhat like that in which the advocates 
of the nebular theory suppose it to have been, consider what a dull 
time ,ve should have if ,ve ,vere unable to find some little nook outside 
of infinite space, and, as a result, be oùliged to amuse ourselves with 
such monotonous surroundings! It would be as wearisome as star- 
ing day after day at a blank wall without so much as a lain-streak 
on it. 
TIut Nature seems to have understood that variety is not only 
"the spice of life," but life itsclf; and no soonpr does she get in hand 
her raw n1aterial, than she sets herself to the work of creating differ- 
ences. True, some astronomers rejeet the nebular theory; but, if not 
true, it will serve as an illustration. It seems to }lave been the great 
work of Nature to multiply differences. For instance, there was a 
time or an eternity in which Nature turned out her first owl, just as 
the first patent Yallkee washing-machine must have had its day. But 
the inventors of the owl and of the was}JÍng-machine have gone on dif- 
ferentiating with unlike results. 1\10st of the wa
hing-machines are 
at rest. The fittest even scarcely survives. The owls are hooting still 
in varieties uncounted, and if, here and there, a sp(Jcimen, discouraged 
ana di
gusted with the "modern impro\"ements" of the Cainozoic 
period, gaye up the ghost, and laid himself away with the old saurians 
-his Darwinian 3ncestors-he now finds him
elf resurrecteò, his 
bones neatly wired together, and tlJC }1tlI1}an owls hooting OVf>r l}im 
still. Like th(' im1110l'tal Webster, he "still Jives" as a witne
s of 
Nature's wonderful resources as a differentiator-a difference-maker. 
But let us look further into Nature's 111ethod of creating varieties. 
Shortly after the beginning of eternity, Nature bC'gan to put the uni- 
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yerse in order. She at once began to make distinctions by getting 
her material together, anù turning out worlùs. It ,vas the first step. 
Leaving other worlds to themselves, watch the progress of afrairs at 
home. As soon as the first flurry is over, Nature settles down to the 
creation of differences. She puts the solid earth as a fonndation, and 
piles the hot atmosphere above it; then she takes the 'water frQrn the 
atnlosphere, and we have air, earth, and ,vater. 'Vlth t}J(
se bIle gets 
up some low forms of life. But, as she has only begun }}er work, 8he 
makes very little difference between the OPl)osÏte ends of these forms. 
One end of a ,vorm is so much like the other end that you may cut 
him in two, and one l)art putting on a tail and the other a head, yon 
,,
il] in a short time have two very respectable .worn1S. From these 
low forms, which carry as 1l1uch life in oue 
nd as in tbe other, :K ature 
goes on differentiating, tin at last we find her getting up forms whose 
parts are so w"idely different that each has its own work to do, and 
one part cannot be substituted for another. A man losing any organ 
is imperfect; and many of his o}'gans are such that the loss of oue of 
them requires that he should go back into Nature's melting-pot, and 
be moulded ovel. again into a new form of life-a Rhode Island pippin 
it may be, as good Roger Williams was. There is no record of any 
surgeon's having cut a man in two, and having made two men of the 
pieces. Nature is not content ,vith lnultiplying species alone. She 
sl1o,,,"s the same love for difference in varieties, and even in indi- 
viduals, so that, as we are oftèn told, there are no t,,
o peas exactly 
alike. 
The utilitarian n13Y ask: "But what is the need of all this variety? 
'Vhy not have all peas alike?" This brings nle to the importaI1t part 
of Iny essay; for, whimsical as some of my notions Inay appear to 
others, the conclusion to which I hope to bring my reac1trs is to llle a 
source of moral rest: 
1. Relation of D
fference to Consciousnes8.-IIow is it that we 
gain a knowledge of the external world ,vhereby we become conscious 
intelligences? Simply by a perception of differences. ""hat would 
follow were there no difference in color or shade? Go into a dark 
cellar with an extinguished candle to find a black cat that is. not 
there. I know black is saic1 to be no color, but it answers as an illus- 
tration. Yonr eyes are ,,
ider open than when above-ground in broall 
daylight, looking for a wI1Ïte cat that is there. Things being" all of 
a color," as common people remark when left in the dark, you are for 
the time as blind as the eyeless fish. 'V ere ,\
}âte 1ight put in tl}e 
place of darkness, and each object to reflpct it with absolute sameness, 
you would be just as unable to di
tinguish between objects, or betwpcn 
an object and its background. "T ere the black cat there eating a 
white rabbit, the cat having become white you could not ten where 
cat left off and rabbit began; neitller could you tel} where cat and 
rabbit ended and cellar-floor began. E\perything would be of a piece. 
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You could make out nothing, tllougb you bad as many eyes as the 
" devil's-darning-needle" of ollr boyhood, and each eye were" in fine 
frenzy rolling." Call, now, that cellar the universe, and then see if 
you can show cause why \ve nuty not consiùer the sense of sight as 
practically gone, anù all know ledge that cOlnes through sight a sealed 
book; ay, more, that nothing would be left to give us a hiut that such 
knowledge could possibly exist. 
IIow is it that ,ve receive knowledge through the ear? By noting 
tbe difference between sounds, and between sound and silence. But, 
if there ,vere no difference, there could be no hearing. If 'we had 
always listened only to a single tone, varying neither in pitch nor 
force, we should not be a'w'are of the sense of hearing. 'Ve should be 
as one born deaf. It is the difference of sounds that gives us through 
the ear knowledge and harmony. 
As with the senses named, so with smell, taste, and touch. Did 
all substances affect these senses in exactly the sanle way, how'ever 
acute those senses, ,ve should not be a ware of their existence. Ask 
anyone what is the smell of pure air, and he \vill tell you, "No 
smell." But how do we know that to be the case? As it bas always 
been in contact ,vith our snlelling-nerves, we cannot judge of its odor. 
A dweller in Jupiter cOIning to visit his mundane cousins might, when 
he struck our atmosphere, expand his nOðtrils, as one sniffs the air 
\vhen he all at once smells something very nice, or lIe might turn up 
his Jovian Bose, as though he smelt something very bad. It is an 
open question whether or not the atlnosphere is odorless, or, as a lay- 
man ,voula put it, whether it smells the same as empty space. Could 
an intelligent Ulan be pnt under an exhausted receiver, get tIle sDlell 
of a perfect vacuum, and survive to tell about it, he might throw some 
light on the question. 
To sum up my reasoning, it comes to this: Were the universe one 
of salneneS8, instead of the universe of differences that it is, we f'hould 
be unconscious of any external world, or of our own existence, no mat- 
ter though we were the best-born specimens of the scientific stirpi- 
culturist. In fact, we should be an army of negations. I 
un aware 
there is something a little queer in the logic of this paragraph, but 
yet there is a great deal of sound logic in it after putting aside the 
"queer," \vhich ,vil1, however, pass current with all except professional 
detectives. 
2. Relrttion to Iú
01()ledue.- What is knowledge? Only a percep- 
tion of differences. How is a knowledge of natural history, for in- 
stance, obtained? Simply by finding out differences. In this way 
child and philosopher classify the horse and the ox. Progress in 
knowledge is possiLle in proportion-I. To objective differences; and, 
2. To pf1rc
ptive ahility. Take botany. It is easy to classify those 
plants which hav
 obvious diffL'rences into genera; but, "Then \ve come 
to the classification of sub-s})ecies, the ,york is more difficult. A stu- 
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pid child can tell a piece of Boston brown-bread from a ginger-snap; 
but he cannot always tell whether his bread is spread with Orange 
County butter or oleomargarine. 
Again, one man is color-blind, and in a kno.wledge of colors can 
make little progress. As an engineer, he ,vould nlistake a green for 
a red light; as a paint-mixer, he would be a failure; and, as a matcher 
of dl'ess-goo(h:, he .would be little troubled by the sweet creatures to 
whom he belonged. Another lllan can distinguish not only the SEyen 
colors of the' rainbow, but many shades of each. The }1]'ogress of 
these two men in all knowledge resting upon cçlor must differ ,,
idely. 
As in this, so in all departments of education: the man who is Ekillful 
in detecting differences holds the key to knowledge. 
3. Relation to Happ(ness.-The wi
e and the good of all religions 
and the philosophers of every school are plhzIed oyer what they tenn 
the evils of life. Assuming the Creator to be wise, good, and onlllip- 
otent, they wonder that he 8hould allow these eyils. They cannot 
understand the problem of pain and misery which n}eets them at 
every turn, and importunes for a solution. 'Yhy sllould there be any 
condition l)ut happiness? 
The philosophers best satisfied with the present order of tbings are 
those whom I shall name the protoplr(t:m'lcs. Denying the existence 
of a personal God, and falling back upon protoplasm as a Fubstitute, 
they think that, taking into account the humble character of their 
protoplasmic god, he has done remarkably ,yen. They aloe therefore 
very hopeful in their evolution theory, and in this re8pect }u:rve the 
advantage of their more orthodox brethren. They look upon creation 
with IJ1u('h the same feeling as that with .which we look upon the firf't 
house huilt from celIar-druin to chimney-top by a self-made arti
an. 
As a hon
e pure and simple, it may l)e a failure, but as a self-made 
artisan's first attempt it is a wonderful succ
ss. 
The great army of reformers, each in his ,yay anxious to sho"T 
himself the s3yior of the world, is but another proof of this widely- 
spread belief that the ,,
orld is in a very bad fix. 
That this })roblem of evil is as old as tIle race is Fhown in the 
g-old
n-age idea, whet her it comes up in the IIebre,v religion with its 
Garden of Eden, or in the mythology of tIlE:' Gre\?ks and the Romans. 
The explanation is, perhaps, this: 
Ian clothes Ids god with tIre JJÏgh- 
est attribntes he finds in himself. Tbese, qualities he maguififs, and 
joins to them infinite po".er. Seeing that the ,,
orld is evil, an
, con- 
scious of eyil tendencies in }}imself, he finds his way out of the dileln- 
ma by asserting that thpre ".a5 once a golden age, the condition of 
the universe a
 it canle from the hand of its l\laker, and that all the 
evil that has crept into it has come frem man alone. Thus he 
olYes 
the prohlem of evil, and sayes the character of his god. We mu
t 
aòmit that the theory 8ho,n; a good dpgree of charity, Illlmility, and 
logic. It would be a still better sch(lme if in it there could be found 
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a place for charity toward the poor devil whom fiS yet neither charity 
nor logic can dispose of. 
But there are other philosophers, among whOln I count myself-I 
SfiY it in all modesty, it runs in our fanlily-who fire not satisfied with 
any of these explanations, aud very natural1y ask: "Is the world a 
failure? Is it not a very good .world? Is it not, in fact, as good as 
it can be? "r ere the united wisdom and goodness of the race sUPIJle- 
nlented with omnipotence and allowed to reconstruct tIle universe: 
could they improve upon the world as it is? Are these, that we name 
so, e\"i]s, or is it that we have failed to find out their character and 
use?" I purpose to a,nswer these questions by applying to them the 
Law of Difference, which I conceive to be the panacea for t]le ills of 
life. I{eep in rniud that, as all kno,vledge comes to us as the result of 
the different" so do all emotions of pain or of pleasure. Every quality 
that is thinkable implies its opposite, or at least its different in de- 
gree. IIappiness and 11lisery are only relative tenDS. AbsoÌute IH1ppi- 
ness cannot exist any more than a lnagnetic npedle with only one' pole. 
The sick nutn who rises for the first tilDe for ,veeks from a bed of pain 
and is led out into the sunshine is very Iwppy; ,vhile the strong man 
who has not known sickness for years is unhappy from SOllle 8light in- 
disposition which scarcely interferes with his daily work. 
 hy this 
difference? Simply frolll the contrast with the previous condition. 
lIe w'ho would enjoy must suffer. The lives of some people pass so 
smoothly that ,ve count them happy. They are simply in the posses- 
sion of something whose value they have never known, hence it is to 
them worthless. If you want to know the full value of a clear con- 
science you lllust go through the }lanùs of remorse. If yon want to 
kno\\T the comfort of owning two shirts at a time, you must kno,v tbe 
discomfort of owning no shirt at a tÌ1ne. "\Vhence comes t11e pleasure 
we feel from our progress in know ledge? Fronl t.he difference l){'t ween 
the kno,ving and the not knowing of anything. Tfike the happiness 
that comes from social position in life. It arises from the fact that 
've are higher np than some one else. Bring all to the same level 
and it ,vonld be enough to make an angel weep to see how much hap- 
piness some people ,vould lose. l\Iany "
onld be bankrupt. Take the 
tramps and vagabonds out of society, and the whole fabric .would be 
cut down one story; for, to change the figure, they put one more ronnd 
into the ladder-it matters not that it is at the bottom
and give the 
climber a chance to go one round J)igher. It is the length of the lad- 
der that counts, no matter where the bottom is placed. 'Yhat arc 
wealth and poverty? Only relative terms. There is none 
o rich as 
the poor boy ,vho has just recei\Ted his first dollar after a "Tec>k of hartl 
work. "T e wa
te a great dc>al of pity on those who are born in the 
humbler ranks of life. It is Iny inlpression t ]Jat, on the "Thol<,>, it is 
better to be born pòor, and work your way up to "Tenlth and honor, 
than to have wealth and honor thrust npon you at birth, even though 
retained through Ii f0. 
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Nature has done much to create differences, and human egotism 
has con1e in to second the efforts of Nature, and supplement bel' 
work by getting up differences in our favor where no such tl1Ìng in 
point of fact exists. B may be a fool, but thinks lJinJsdf wiser than 
C, who is in truth far ,viser than B. C thinks lJimself much wiser 
than he really is, and in comparing hin1self with B gets the full benefit 
of the real difference, with a large surplus from the inflation. TIJUS 
are both men made happy. Indeed, should you take each Inan's f\sti- 
mate of himself, you nlÎght, to find a fool, be obliged to do as Dioge- 
nes did to find an 110Dt>st nIan. But, if you should take eath ulan's 
opinion of other men's abilities, the fools 'would outnun.ber the wise 
men ten to one, that one being himself. Alas! what should 'we phil
s- 
opbers do were there no sÏInple souls wher,by to measure our colossal 
intellects? Thank God for wise men, but thank God for fools! Every 
fool as ,yell as every knave has done a great deal for human happi- 
ness. 'V oe is the day when tools and knaves shall be no more! 0 
stirpiculturist, stay thy hand, and leave us still a background to the 
great picture of life! And thank God for egotism, ,,,hich enahles us 
to Jnake so much out of so lit.tle. It was not tbe philoso}Jher that 
" Oh'd ! " when the poet wrote: 
"Oh, wad some power the giftie gie us 
To see oursels as ithers see us! " 


He was wiser "who wrotc- 



., 


" Where ignorance is bliss 'tis fol1y to be wise." 
It will he a Llack-Ietter day ,vhen 'we :find ourselves out. 'Yhy not 
let us go on, each one thinking himself the biggest toad in the pud- 
dle, and being happy? 'Yhy not let us still have the difien'}}ce in our 
f
\'or, since it is so cheap a happiness, and withal so innocent? 
Those who agree w'ith me thus far may yet ask: "But is not the 
nnmb
r as wen as the degree of differences too great? Has 110t K a- 
ture rather overdone the thing wl)en she gets up a hell-bender" (vide 
1Y"ebster and the Aquarium), "or gives us not only an Apollo whonl we 
admire, but a leper whom we loathe?" 'Vh)'", my dear sir, after all 
the ortho(lox animals \\rere made-though I d0u't Kno,v \v here you 
would draw the line between the regulars and the irregulars-you and 
I both could find HIuch pleasure in looking at a hell-bender, aud he no 
douht finds far more pleasure in being a hell-hender than in being no- 
body. IIowever many forms ,ve may have seen, we still .want to see 
something different. Yes, but how about the n1Ïserable, suffering 
leper? llow about these extrelnes of 'wretchedness? Somet.hing in 
the way of music may be got up from the eight simple tones of a 
simple octa\Yc. If yon are to have music worth hearing, you must 
extend the scale through the octave above and tJJe octave IJelow; but, 
if you wouli1. ha'"e music 'with all its pathos, power, and sul)lin1Ïty, 
you must make use of all the octaves tbat are at the comn1aud of the 
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orchestra, from the low thunder of the big Boston organ to the shrillest 
""ail of the Cren10na fiddle. K or do you want the major chords alone, 
you must have the minor tones, and discords, even. Can you spare 
the lowest octave fron1 the big organ? If so, you bring the extremes 
an octave nearer, and so far reRtl"ict the range of the illstrlunent, and 
by repeating the renloval of the lowe
t notes you would at last hnd it 
impos:-,ible to play even the thinnest of tunes. 
o with hunlall society. 
As you bring the extrenles together, you take from life that which 
nlakes life worth llaving. The extremes in deep-water oyster society 
are very near each other, but each member of tbat society is only an 
oys t er. 
But ho,v about the reformers? If things are all right as they are, 
why try to change them? l\Iy dear, short-sighted IJrother, the r{'- 
former can do no harm. lIe is a benefactor. lIe is ollly helping 
K ature out. lIe may cut off now and then a low note, but by adding 
two high ones he widens the range of the instrument. Society as a 
whole advances, but its extremes are probably farther apart than ever 
before. l\Ioreover, if we take the ,vorla as a ,vhole, we can still better 
understand the value of the reforn1er. Conlpare unreformed Africa, 
w'ith its cannibalisln and slo\v travel, with America: the land of the 
Grahan1Ïte and the hOllle of the telegraph, and see if the various re- 
fornlers have not made it a glorious thing to be a Caucasian! Every 
st{>p in the llloral world secured by the reformers makes greater the 
distaI:ce ft'onl the top to the bottom of the 1110ralladder. The day 
of the Inquisition and witch-burning has gone by; but the history of 
them 
till ren1ains. ".,.. e 11a ve only to read the old record
, to find out 
,\That nice folks we are at the present day. I adn1Ît the conceit of 
SOlne of these trouhlesome people, who believe they have a mission; 
but they are a necessary and important variety of the race. It is 
very plaill that this world is the proper stamping-ground of the re- 
former. 
lIenee, variety is a necessity of life. The man that livcs upon one 
lánd of food only must deteriorate in body; the student wllo gives all 
his thought to one idea, ,,,ill heconle crotchety; while the devotce to a 
single phase of religion wi]] in time be a higot, ,vhicll is but another 
llanle for monomaniac. Sameness is the. border-land of insanity. 
IIave you ever been "po
sessed." by a whimsical idea, or a bit of 
poetry that "TonId give you no let-up? If so, you can form some 
notion of the lunatic "Tho was haunted w'ith the idea that he {'arried 
in his stomach the twelve Apostles! There is Inany a man living a 
lifè of excef:;bive toil or of idleness, of so fixed a routine that he is l)ar- 
tially insane. It should be the aim of every lllan to 
o arrange his life 
as to hring into it a good degree of variety if he 'would secnre pllysi- 
cal, mental, and moral health. In this particular, division of labor 
often ,yorks n1Ìsehief to the indivitlual, ho"rever ::tdvantngeons it may 
he to the community. Imagine the stupidity that must creep over 
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the nlind of ft man who spends year after year pointing pins! It may 
b
 well to inquire as to whether or not the social and business frame- 
work of socil..ty is not doing much to reduce some of its n1
nl bers to a 
state little Letter than monomania. 
To enforce the lesson taught by the La,v of Differences we will 
pass by a n1Ïl1ion years,1vhile I give the reader a picture of tlJe recon- 
structed universe. It had been reformed to that degree that tbe wild- 
est dr{lalIl of the idealist had been realized. Desiring to have one 
nlore look at the old hon1estead, I came back from spirit-Iallcl, was 
" n1aterialized," and once more walked the solid earth as was Iny ,vont 
a nlÍllion years before. I need not say I was not quite np to the 
times. The first thing I noticed was that my physical geograllhy was 
all at fhult. There were no burning sal1
s, no icy .wastes, 110 earth- 
quake, no tornado, no flood, no drought. The ".hole earth from pole 
to pole was on the golden-age pattern. In this respect, desire 
,vas satisfied. For ceuturies no one had been heard to complain of 
any imperfection. All ,vas lovely. To me, with a recollection of 
wbat I had suffered in my youth in cold and barren K e,v England-- 
teu in the family, and all big eaters-the change "
as delightful. But 
",
hat was my surprise not to find a single soul to share my pleasure! 
\V"hen I talked to those I n1et of their b(>autiful world, I spoke in 
an unkno"'
n tongue. I might as .well have tried to convince Jones, 
the druggist, that pure ail' was as fragrant as the odors w}Ú(,h l,I(',v 
from Araby the Illest, or any ot11er Araby. Jones 'would have told 
me, "I have had air in 111Y nose for fifty years, and, if there is any 
smen in it, don't you suppose I SI}Ollld have founa it out in tl}at 
til11e ? " They "
ere as stolid as IDnrble, and as unenthusiastic as a 
proper woman who never felt the slightest twinge of hope, fear, lo\.e, 
hate, or anything else, except propriety. "It is strange," said I, 
"that no one understands what I feel. . . . 'V ell," I thought, "tlley 
haye never known anything different, 'ana as a result they do not 
kno,,'" this." 
I was no less agreeably surprised at the men and ,yomen whom I 
found peopling the globe. The stirpicu1tnri
t had finished his work 
and gone home. There was not a physical deforn1Ïty of any kind 
an10ng the n1illions that .walked the earth. AU ",.ere brought up to 
the highest type of physical beauty. There was not a WOn]3.11 I n1et 
with whom I did not instantly faU i
 love, though it was like Cali- 
ban falling in love with tIle houris. Ev{'ry man was an Apollo, and 
every ,,"'oman a Venus. But I "
as surprispd to see them so bliud to 
each other's charms. The men were the slowest of slow loyers; the 
women as responsive as lay-figures. "Ah! wen," I sighed, "they never 
saw in man or in won1an anything but heauty, and now they 
ee not 
that." It 
eemed that a sight of me, which some of them could not en- 
dure '\vithol1t a 
hudaer, had lwg'un to awaken in them a ne"
 
en8e of 
which the stirpicuIturist had robbt'd them-a sense of the beautiful. 
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Being hy nature benevolent, and inheriting a missionary spirit, it did 
rne goud to think that I was serving so useful a purpose, anù starting 
a Inission for the conversion of the
e heathcn ill æ:sthctics. 'Vith a 
force that almost took away my brcath, it canle to Ille that we owe a 
grcat debt to the deformc<1, the hiùeous, anù the wicked; that those, 
the morally hideous, whom society hunts down as its wor:st ellcillic
, 
spend their lives in serving the very class tbat seeks to det5troy thcl11. 
Then, too, the goodne
s and holincss of the reconstructeJ ,vorlJ ! 
There ,vere lliet with only those witb whom, having been so well gen- 
crated for a thousand years, regeneration was iUlpossihle. A long 
line of physical, menta], and moral saints were the ancestors of the 
race. "'V hat a perfect heaven!" I said to them. But I founa upon 
their faces only a gingerbrcad-rabbit expression. Such ,vol'd::, as 
heaven and hell conveyed to them no more idea tban green or red 
conveys to a blind nUln. I was in despair at such a lack of appre- 
ciation. IIere was lnactically the heaven .upon earth which tbe race 
had worked for, prayed for, agonized for; and, now that it baù cOIne, 
no one seemed to enjoy it, or even to know of its existence. It is 
truly a misfortune to be born in and always to live ill heaveu. The 
eternal Law of Differences holds us fast. IIell is a necessity, which 
must be as deep as heaven is high. The .world ,vas better as it was 
before the reconstructers got hold of it. Give us back the iron age! 
All is not gold that glitters. }'Iy prayer was answered, and I fouud 
myself once more in this ,vorld of sin and holiness, joy and SOITO'V- 
in a ,vord, back in this world of differences. 


... 


1\I..t\.
 A
D TIlE GLAOIAL PERIOD. 


By TIIOMAS BEL
, F. G. S. 


O OXCERXING the Glacial period, geologists hold the nlost variec1 
opinions, hoth with regard to its origin and to the mode of ac- 
tion of the ice. Thus at the very threshold of the geological record ,ye 
tread on uncertain ground, and every guide points to a different path. 
The rrlation that palæolithic man hore to the great ice agp might 
seenl to be of easier solution; but even this question is l1Jls('ttled, and 
a subject of controversy and douht. Prof. Prestwich is belicved by 
many to have proved that palæolithic man ,vas pGst-
Iaeial. l\Icssrs. 
Croll and Geikie urge that there ,vere t,vo or n10re glacinl Iwriods in 
post-tertiary times, and that he flonrislled in a mi1d intcrgl
cial pe- 
riod. I, on the contrary, lutve been gradually forced to conclude 
that., in the Bl"itisl1 Isles, all the remains in caves ana vaney-gravcls 
referred to palæolithic man are preglacial, in the sense that they are 
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of earlier date than the glaciation of the districts in which they are 
fOUIlCl 
I propose to state briefly some of the general arguments that have 
influenced Iny opinion, and tllen to deal with the speeial question of 
the age of the deposits at Hoxne, which the advocates of the post- 
glacial theory put for\vard as being undoubtedly in their favor. 
Let us first take into consideration the age of the beds contailJing 
the remains of the man1moth, the 'woolly rliinoceros, and their com- 
panions, ,vith which the palæolithic inlplements arc so often found. 
\Vherever, in Europe, the relation of these beds to the bowlder-clay 
can be clearly seen, they are of distinctly older age. Thus, in I{uss
a, 
Sir Roderick I. l\Iurchison has recorded the discovery of the hones of 
the nlammoth and woolly rhinoceros, neà l\loscow, in reddish clay 
covered with erratic blocks, on the plains thirteen miles distant ti'om 
the river.! And if we follow the northern drift southward from 1\108- 
cow, as I have done, we find it gradually changes from clay with bowl- 
ders to the clay '\Tithout bowlders that covers the soud ern plains. 
Around the sea of Azov, cliff.
 of this glacial clay, one lnlndred feet 
high, can be followed continuously for miles, and its junction below 
with the o!der beds is sharply defined. It rests on a fresh-water de- 
posit contailling shells of species of "L"11Ïo, Cye/as, and Paludina, and 
at this horizon fragments of the tusks and bones of the mammoth are 
abundant, and are ahvays undoubtedly older than the glacial clay. 
In a similar position the same remains have been found at Odessa and 
other places in the south of Russia. 
Nor 11a8 the theory of the post-glacial age of the remains of the 
mammoth remained unchallenged by eminent geologists in England. 
Prof: Phillips 2 and 1\11'. Godwin Austen 3 long ago recorded tJleir con- 
viction that they belonged to an earlier period than t]Je del]osition of 
the bowlder-clay, and that when they occur in ne,yer beùs they have 
been derived from an older formation. The remains are so })lentiful 
in the caves of the north of England that it is certain that the mam- 
moth and rhinoceros were abundant. Yet nowhere in the glaciated 
parts of the country have the bones been found excepting where pre- 
served from the action of the ice in caverns and fissures. 
Thus, in tracing the limits of the northern ice on the eastern side 
of England, I have found that Durham and Northumberland were 
probahly completely overflowed by it, exceptÍ11g tlle upper parts of 
the Cheviots, as pointed out to me by 1\[1'. Richard Howse. The ice 
strean1ed through from the west, around the southern and northern 
flanks of the Cheviots, down the \
aneys of the Tyne and the T,,
eed, 
and ,,
hcn approaching the pastern coast was deflected to the south hy 
the great luass of ice that occupied and waSt flowing do,vn the ùed of 


I " Geolog}' of Russia in Europe," p. 650. 
2 " Geology of .
y orkshire," 1829, vol. i., pp. 18, 52. 
3 " British Association Reports," ] 863, p. 68. 
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the G
rman Ocean. In Yorkshire the ice from the west was held 
back by the Pennine Chain, and did not coalesce with the German 
Ocean glacier, but stopped short, Eomewhere about an irregular line 
drawn from l{eighley, northeastward to near the mouth of the Tees. 
The Gernutn Ocean glacier only, as it were, grazed tbe high land bor- 
derinO" the coast until it reached the northern shores of l\ orfoJk that 
o 
stood out across its track. A large })ortion of Yorkshire was thus 
ne\yer glaciated by land-ice, and in this area remains of the great ex- 
tinct mammals have been found in and below the lowland gravels, as 
at Leeds and l\Iarket 'Veighton; but when we pass nurthwestward 
into the country where the striæ on the rock-surfaces bear witness to 
the pa
sage of land-ice, no such remains are found, excepting in cav- 
erns and fissures of the old rocks. 
The northwestern side of England is much more glaciated than 
the northeastern, and the mammalian remains have only been found 
where preserved in caves. The ice filling the Irish Sea reached to 3. 
height of 2,000 feet on the western flank of the Pennine Chain. 
Probably reëllforced from the westward it continued, in scarcely de- 
creasing thicknes
, across the ,vhole of Lancashire and Clleshire, and 
passed over into the drainag
 area of the Severn, down which valley 
it appears to have flowed for some distance. As soon as ,ve get 
beyond its influence ,ve again meet with malnmalian remains in the 
lowland gravels, and in most of the southern valleys they are abun- 
dant. 
If the man1moth and its associates roamed as far as the north of 
England, and even into Scotland, after the Glacial per!od, their re- 
mains ought to be found in the valley-grayels of the glaciated dis- 
tricts. They are, however, absent; and if we should be led to infer 
frotn this that they lived before the glaciation of the country, and 
accept the conclusion of Prof. Phillips and 1\11'. Godwin Austen that 
the mammoth and the ,vool1y rhinoceros lived before ana not after 
the Glacial period in Great Britain, we can scarcely refrain from going 
further than these geologists and concluding that the n1al,ers of the 
palæolithic implements ,vere also preglacial. For no geological in- 
feren.ce seems based upon sounder evidence than that palæolithiC' man 
,vas contemporaneous with the mamn10th and its associates. The im- 
plements of the one and the bones of the others are found together in 
the 
ame stratunl of the cave-earth, and in all the numerous cayerns 
that have ùeen searched in Engl31Hl and 'Vales t1lere i
 no record of 
palæolithic implenlents being found at a hi,gher horizon; when flint 
weapons do so occnr they are in\yariably of the neolithic type. If 
geological evidence of contemporaneity is of any value, tIle occupation 
of the cayes by palæolithic man ceased at the same time as the great 
mammals disappeared. 
Let us look at the question from another point of ,'iew'. In th
 
south of England the remains of the 111a111moth are abunùant in the 
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Yalley-gra\'cl
. They are found mixed through them, or 11101'e com- 
lllonly at their base. Palæolithic im}Jlelllents are found ill the same 
position, though usuaHy in grayel higher up on the slopes of tbe \"al- 
leys. '''''"hen found in the grave], the bones are broken and "
orn, aut! 
the flint inlplelllcuts lIa \"e their angle::; rounded more or h
bS as if by 
rolling. "Then, as has happened ill a few cases, the bones and imple- 
Inents have been found below the gravels, they ha"e bel}) uuinjnreJ 
anJ unworn. Dir. Godwin Austen noticed the occurrence of bO)1(;s of 
the manlll10th in an old fJrest-bed heneath the -valley-gravels, at 
I>easclnarsh, in Surrey, uninjured and lying together, wLile in the 
overlying gravel the teeth of the nl:llllilloth were found singly aJ1d 
rolled. 1 And Colonel Lane Fox lias recorJed tIle discovery of flint 
inlplenlents at Acton in seanlS of white S\lnd, nine tel't fronl the 8ur- 
face, beneath deposits of gl avel and ùrick-eartþ} ThEir edges were 
as sharp as if just flaked off a core of flint; while those found in the 
gravel, on the contrary, ha,Te their edges ,vorn and rounded just like 
those of the subangular pebbles of ,vhich the gravel is principally 
com posed. 
The position and the state of preservation of the bones and imple- 
l11ents ar
 such as might be expected if they had been deposited on 
an old land-surface before the outspread of the gravels, when th<? con- 
figuration of the country was much the same as now; and I 11ave sug- 
gested that the occnrrence of the iUIpleIDel1ts, generally 11igher np the 
slopes of the ,'alleys than the mamll1alian renJains, is due to pa]æo- 
lithic man lJaving frequented nlore eleyated and drier localities than 
the great l11ammals. I have urged that the outspread of the gravels 
was due, as fornlerly supposed by Sedge,vick, De la llecllp, and ::\Iur- 
chison, to the action of a great flood or delmcle. I }Jaye advanced the 
theory t}lat that debacle was caused bjT the breaking away of a bar- 
rier of ice that blocked up the English Channel, and with it nll the 
drainage of Northern Europe, causing an immense lake of frt:'sh or 
brackish ,vater that ,vas thns suddenly and tumu1tuously discharged. 3 
This great flood occurred, according to 111Y theory, hefore the cul- 
mination of the Glacial I)eriod, and was primarily due to ice filling the 
bed of the North Atlantic as far south on the European side a
 lati- 
tude 40 0 . If the gra,'els in and belo,v which the rude flint inl}Jle- 
nlents and the remains of the ('xtiuct Inanlmals are found, were thus 
spread out, it fonows that they were preglacial in the sense that they 
live(l hefore the principal glaciation of the country. 
'Ve have seen that, in the north, Ruch an excellent geologist as 
the late Prof. Phillips had arrived at this conclusion with regard to 
the age of the mammoth, the woolly rhinoceros, and the 11ippopota- 


I Quarterl.'1 Jow'nal of tlte Geological Society, vol. vii., p. 288. 
2 Ibid., yol. xxviii., p. 456. 
3 Qllnrlerl.'l Journal of Science, April, 1875. Quartc'rly Journal of tite Geological 
Bocid!J, vol. xxxii., p. 84. 
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mus; and, in the south, 1\lr. Godwin Austen, from a study of the same 
remains in the valley-gravels. Direct evidence of great value has been 
added by 1\lr. Tiùdilnan in his reports on the exploration of the Vic- 
toria Cave, at 
ettle. lIe has shown that the cave-deposits lie be- 
neath glacial clay, and, among the other remains, a human fibula has 
been found.! In the Cefn Cave, in Denbighshire, 1\11'. l\Iackintosh has 
also determined that the mammalian remains lie in and below a gla- 
cial clay.2 
All the lines of inquiry tl1us far pursued in this paper point to the 
preglacial age of the remains in question, and some of the facts are 
directly opposell to the post-glacial theory. IIow, then, is it that the 
great nlajority of geologists \vrite as if it had been clearly proved that 
palæolithic Inan "Tas of post-glacial age? Principally because it is be- 
lieved that Prof. Prestwich has proved that at IIoxne, in 
uftolk, the 
implenlents and bones are found in deposits distinctly overlying 
bowlder-clay. This is spoken of as if it were a truism in 1110St general 
treati
es on geology; 3 and both in Europe and America the presnmp. 
tion is appealed to as being conclusÌ\ e with regard to the age of the 
remains. The general opinion held is concisely given in the statement 
by Mr. J Oh11 Evans in his presidential adùress to the Geological So. 
ciety last year, that, at Hoxne, " the impl
ment-b
aring beds repose 
in a trough cut out in the upper glacial bowlder-clay, which itself rests 
on middle glacial sands and gravels." · 
This opinion of the age of the Hoxne deposits is founded on the 
elaborate memoir by Ploof. Prestwich, published in the" Philosophical 
Transactions of the Royal Society," for 1860. In this treatise the 
author gh'es a diagram showing the deposits in question lying in a 
trough cnt out in the bowlder-clay. Though this section is confessed. 
ly only theoretical, it was accepted by Sir Charles Lyell and others as 
an actual on
, and afterward the author bimself wrote as if he had 
proved his theory to be true,:'>> which he nlay .well be excu
ed for have 
ing done, when it had been accepted by so many eminent geologists. 
The writings of Prof. Prestwich are admirable in this, as in other 
respects, that, although he indulges in wide-reaching theories, he in- 
variably gives the evidence on which they are founded. Thus, in the 
memoir in question, in addition to tIle theoretical diagram he gives 
another, showing the actual faets observed, and also careful details of 
the various sections observed by him. It is, therefore, possible to 
check his theory hy his fact
, and in the present pal)er I shall do so, 


1 Jralure, vol. ix., p. 14. " British Association Reports," for 1873, 1874, 1875. 
2 Quarterly Jow'nal of tIle Geological Society, vol. xxxii., p. 91. 
S Sir Chat"les Lyell, " Antiquity of :;\fan," p. 166. J. Geikie, "Great. Ice Age," p.474-. 
J. Croll, "{;Iirnate and Time," p. 241. 'V. Boyd Dawkins, "Cave-Hunting," p. 410. 
Jukes's" Students' Manual of Geology," p. '736. 
4 Qnnrtrrl.'l Journal of the Geological Socie(I/, vol. xxxi., p. 74. 
5 " Philm:ophical Tr
nsactions," 1864-, p. 253. 
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and also give the results of my own examination of tJJe Hoxne dis- 
trict. 
::\1... John Frere, so long ago as the firRt year of the present cen- 
tury, communicated to the SoeÍety of Antiquaries an "A('count of 
Fliut 'Yeapons discovered at I-Ioxne, in Suffolk." 1 He statcd that 
they were found in great numbers in a bed of gravel, which ,yas over- 
laid by one foot of sand with shells, and containing the jawbone and 
t('eth of an enormous animal; the sand being again coyered by seven 
and a half feet of brick-clay. 1\11'. Frere noticed that the strata lay 
horizontalJy, and had been denuded to form the present vaHey, and 
therefore concluded that they belonged to a period when tIle configu- 
ration of the surface was different from what it is no'w, and he consid- 
ered that their antiquity was posRibly "ev't
n beyond t11at of the pres- 
ent world." The mannl'r in which the flint implements lay, and theì1" 
great abundance, led 1\11'. Frere to conclude that a manufactory of 
them had been carried on at the place 'where he found them. 
Tbe discovery does not appear to have excited any attention at 
the time, and for more than half a century remained unnoticed. In 
1859, when the discovery of flint implements in the valley of the 
Somme, in France, in association with the remains of the man1IDoth 
and other extinct mammals, had at last aroused the attention of geolo- 
gists, 1\11'. Frere's memoir "Tas brought by 
lr. J ohu Eyans before the 
notice of 1\11'. Prestwich, who had just returned fronl Amien
. lIe 
soon after visited IIoxne, and carefully examined into the facts of the 
case. He found that the bed of brick-clay W3S still being worked, 
and that flint implements were occasionally, though rarely, turned up; 
and on a subsequent visit ,vith 1\11'. Evans they succeeded in disinter- 
ring OTIe themselves. 
The valleys of the ",r aveney and its tributaries are bounded by 
low hills of gravel and bowlder-clay. The bed-rock is not seen in any 
of the sections exposed, but it is supposed to be chalk. The gravels 
and sands (the middle glacial sands and gravels of 
lr. Searles 'Y ood, 
Jr.) are exposed in many gra\.el
pits on both sides of the 1\T aveney. 
They are sometimes capped by the upper bowlder-clay; at ot herR, hy 
a more sandy bed with stones (the" trail" of .:\11'. Fisher), which in 
some of the sections graduates into the upper bowlder-clny, of which 
I b
lieve it to be the ID.odifìed representative. One of the deepest' 
sections on the north bank of the \Vaveney is nf\ar the road from Di:ss 
to IIarleston, at Billingford, where the series of beds shown in Fig. 1 
are expoRed. 
1\lr. Fisher some time ago called attention to the great importance 
of the upper bed, or "trail," in the study of the glacial beds,2 hut it 
has not yet received tbe notice it deserves. It is tbe most })ersif;tent 
-of all the beds in the southeastern counties, and can be traced, in a1- 


1 cc Arcnæologia," 1800, vol. xiii., p. 2()ß. 
! Quarttrly Journal of the Geological Socíe(l/, vol. xxii., p. 553. 
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most every section, from Norfolk into Surrey. It is everY"There f:een 
in the Thames Valley lyillg on the top of the lowland gravels, and is 
shown in great perfection in the long section now (l\Iarch, 1876) ex- 
posed between Acton and Han,vell, on the Great ",.. estern Rail way. 
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FIG. t.-Scale twelve feet to one inch. 1. SftTldy cley, or" trail," with patchE's of sand (8) and scst- 
tereel flints, mostly in nests, at the in'egulal' ba8e of the deposit. 3. Sands and gravel. fah:e- 
bedded with lenticular beds of saud (8), aud in the lowest seams rounded );ebbles of chalk. 


It generally, if not always, rests upon an irregular surface of the beds 
below it, and contains stones derived from some other source. 
On the south side of the 'Vaveney, at Sylebam, there are gooel 
sections on both sides of the turnpike, and these exhibit similar false- 
bedded sands and gravels, wbich are, ho,vever, covered by the upper 
bowlder-clay instead of by "trail." Fig. 2 sho,vs a section exposeù 
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FIG. 
.-Brown howidcr-c1ay, with many whole flint8. and with angular patcheB of red 
ßnd (B" 
marly clay with 8mall 8tones (A). alld red bowlder-day (0). 3. SandA and subangular fiint., 
gravel with round
d pebble of quurtz, and (in the lowe
t. seams) of chalk. 


on Ule south side of the turnpike. ...4. little farther west, on tbe north 
side of the turnpike, is another grav(\l-pit, sno,ving a similar succes- 
sion, but ,vith the beds of sand and gravel strongly fah:e-bedded. In 
all these sections small pebbles of chalk are very abundant in the 
lowest beels. The most remarkable feature in the upper bowlder-clay 
is the numerous angular patches of material quite different from the 
matrix of bro\vn clay. The angular patches of red sand are very pe- 
culiar and diffieult to explain. 
In a large gravel-pit a little north of Oakley Church there i
 a long 
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section exposed, and in it the upper bow]der-clay, f'imilar to that shown 
in Fig. 2, at one end of tbe pit, gradually changes into a san(ly loam 
with stoneR and angular patches of sand, not to ùe distinguisll(
d from 
tl)e deposit named" trail" in Fig. 1. 
At Hoxne itself, on the east side of Gold Brook, tlJCre is a gravel- 
pit sho,ving seams of gravel and sand exactly sinlilar to tJwt at Sy]e- 
ham, but surmounted by sandy" trail" instead of by bowlder
cl:lY. The 
gravel is not to be distinguished from the other, Leing compof'ed like 
i
 of 
ubangular flint-pebbles with rounded ones of quartz aud quart- 
zite, anù with many sillall pebbles of chalk in the lowest Eeams. N ot- 
withstanding this great siulilarity, 1\11'. Prestwich con
iders the bt'd
 
at J-Ioxne to have been fonned by riyer-action in p08t-g]aci
1l tilnes ; 
while those at Syleham, being capped by bo
lder-clay, he of necessity 
classifies as nlÍùdle glacial. Yet I could find no difference whatever 
in their appearance or composition. In both the pebbles are rno
t]y 
small and subangnlar, witb some rounded ones of quartz and quartzite. 
Both contain many small pebbles of chalk in their lowest seams, and 
both are false-bedded. That one is covered with bowlder-clay aud the 
other by sandy" trail" does not suffice to prove them of different age, 
for at the Oakley gravel-pit we can trace the same gravels from one 
end, where the bowlder-clay overlies them, to the other, where tIJe 
"trail " 
loes so. The middle sands and gravels are generally sup- 
posed by 
eologists to he marine, and it is incredible tbat deposits due 
to such different agencies as that of the waves of the ocean heating on 
a beach and that of a flooded river should be absolutely identical in 
appearance and cou1position. But nowhere is either the ocean or any 
river known to be fornling deposits of subangu]ar peLbles, except iug 
wl)ere they are eutting into prf'ëxisting beds oft he Iniddle glacial series. 
Both in sea and in river beaches the pebbles are smoothly rounded, and 
not, as in the gravels unùer consideration, brol
en and suhangular. 
Even when we find in the latter rounded peLbles of tertiary age there is 
often a piece chipped 011t of them as if they had been da
heù viol(:nt- 
ly together. I have had a large numher of the pebbles from the gravel 
at Ealing counted, and find that over eighty per cent. are broken or 
subangular. I ask "yhere, in the whole ,vorhl, is 
ueh a deposit being 
formed by existing a
encies? Snrely, if ordinary floods wou]ò pro- 
duce them, they haye ha"d plenty of opportunities of doing 80 durÌ1)g 
the past pluvial year; yet ,vhere, on the banks of any of our rivers, 
bave the great floods }f>ft deposits e,Ten approaching in character to 
those that geologist s confident I y ascribe to river-action? rflw t tht'Y 
were can
ea by a great flood I fully helieye, thongh not by that of any 
river, but by one that swept over the whole country, driving a )Illge 
mass of gravel and 8all,l, and leaving the1n mantling 1101h }JÏIJ
 and 
valleys, holding or covering np the remains of palæolithic run)) and the 
great ]l1ammals that had. lived before the ,vaters "Tere pEnt np Ly the 
Atlantic glacier. 
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A little above IIoxne, on the left side of the streanl called the 
Gold B.'ook, is the Hoxne clay-pit. The c]ay is excavated along the 
slope of the shallow va1J(.y through 'which the brook runs. The road 
to Eye skirts the hill-side, having to the west the park of Sir Ed,vard 
I{errison; and to the east, bet ween it and the stream, a narrow strip 
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of land from which th
 clay has been dug. The old workers had 
comn1cnced near the viIlage of T-Ioxne, and as they gradualJy exhaust- 
ed the clay up to the road they Juov-cd hl,rther southward, and the 
point at ,vhich it is now excavated is })robably at least a quarter of a 
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mi1e distant from that where :\11'. Frere lnadc I1Ís di<5coveries in 1800. 
The pit has now been worked up to some farn1-buildings that inter- 
fere with its progress southward, and to get c]ay they have now 
crossed th
 road into the park, and thus made a most important aù- 
dition to the section laid open. 
I have in the accompanying plate given three sections of the 
f!round. The first shows the theoretical relation of the beds accord- 
ing to Prof. Prestwich; the second exhibits tbe facts actuaUy ob- 
served by Prof. Prestwich and n1yself; and the third is a theoretical 
section showing the relation that the beds }101d to each other accord- 
ing to my o\vn views. "T e shall in the first place confine our atten'" 
tion to the second section (Fig. 4), showing the facts actually obscryed. 
, 
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FIG. 6.-1. "Trail," three feet. 6' and 6. Bowlder-clay, chalky in upper part: 8 slight line of divi
- 
ion between it and the lower part, which is principally cowposed of cru:shed Kiwweridge clay witb 
pieces of chalk. 


On the east side of Gold Brook a cutting has been made into tIle 
bank, and a thick b
d of bowlder-clay is exposed. At the })oint A in 
general section the beds are shown, as in Fig. 6. N ear the line of 
division the upper and more chalky clay contains many large flints 
and tran
ported bowlders. Some of these are -smoothed, and strongly 
scratched and grooved. Two scratched blocks of septaria that J sa,v 
D1easured one and a half foot across. This bowlder-cl3Y, both in 
its upper and 10'wer dh'ision, is very distinct in appearance aud COlll- 
])osition from that lying ahove the gravels, as seen in other sections. 
Lower do,,
n toward the brook a seam of false.bedded sandy gravel 
comes in hetween the bowlder-clay and the" trail," and represents, I 
think, the gravels of Figs. 1 and 2. 
Crossing the brook and ascending the opposite slope, "
e ]1ave, ht 
the points C and.D of general section, typical sections of tbe clay- 
pit, as 
hown in Fig. 7. The clay (4 in section) is called" rf'd-brÎck 
earth" by the workmen, because it burns to a red color; \vhile t]le 
lower, dark-colored clay (7 in section) is called" white-brick earth," 
becam
c it burns to a white color. The bottom of the latter bed has 
not been reac1Ied, although Prof. Prestwich had a boring put down 
into it to a depth of seventeen feet. It is fuB of vegetable matter, 
aüd I found numerous pieces of ,vood in it. The men pointed out to 
me the gravel-seams (5 in section), as the horizon at which flint imple- 
ments had been found; but, shortly before Prof. Prestwich visited the 
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pit, t,yO specimens had be
n taken from the lower part of the c!ay (4 
in section). There can be little doubt, however, that they were found 
by )11'. Frere in the gravel below the "red-brick earth," as he says 
that" they lay in great nun1bers at the depth of about t,velyc feet in 
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FI
. 7.-1. Sandy" traiP' with flint-pebbles. 4. Yellowish-brown clay, unstratified at top nnd 
rnduatin
 
downward into obscurely stratified chalky cl3y-ten fel't. 5. Two thin bands of 8maJl ch31ky gravel, 
sepal.ated by eight inches of loam. 7. D3rk calcareous clay, with f1"3gments of wood and other vt:'ge- 
t3tioll. 


a stratified soil, wllÎch was dug into for the purpose of raising clay 
for brick
. Under a foot and a half of vegetable earth was c1ay seven 
and a half feet thick, ancl beneath this one foot of sand with shells, 
and under this t,vo feet of gravel, in which the shaped flints were 
found generaIIy at the rate of five or six in a Fquare vard. The man- 
ner in ,vhich the flint implclllents lny would lead to the persuasion 
that it "
as a place of their manufacture, and not of their accidental 
deposit. Their numbers were so great that the man ,vho carried on 
the brick,vork told me that, before he ,vas aware of their being ob- 
jects of curiosity, he had emptied baskets full of them into the ruts 
of the adjoining road." 
As I have already mentioned, the place at which the clay is now 
excayate'] is some distance from that ,vhere 1\lr. Frere found the 
implmnellt s , and they are now very seldonl m
t v;ith-so seldom, 
that none of the men ,,,rorking at the clay-pit when I was there had 
ever seen one. 
To the west of the road, in the 1)it that. has been opened in Sir Ed- 
,yard l{errison's park, a section of the beels has been exposed at thc 
point marked .b'in general section, as shown in Fig. 8. The most re- 
Inarkable feature in the section is the occurr
nce of the npper clay (2 
in section), containing angular patches of red sand, like that seen in 
the "upper bowlder-clay" of other parts of the district. I cannot 
help thinking that, if this section had been open when Prof. Prestwich 
examined the deposits, he ,vonld have been led to modify his opinion 
respecting the relation of thc deposits to the Glacial periocl. I mysc1f 
believe this clay to he the upper howlder-clay, a11(l the sand with peb- 
bles below it to be the" n1Ï<ldle glacial sands and gruyels." 
To trace the "red-brick earth" (4 in fo'ection) clown toward t])C 
lower bowlder-clay, I set SOIne men to ,vork, and had a shaft sunk-at 



7 2 


THE POP[TLAll SCIEl-lCE JIO.LVTHLY. 


the point marked B in general section-to a depth of seventeen feet 
from the top of the surface-soi], and obtained the section sl}own in 
Fig. 9. The most noticeable feature in tllÌs section is the tbickening 
out of the false-bedded sands and gravels, thpir res('mùlance to the 
middle glacial series, and the absence of tJ)e ",vhite-brick eart1. " (7 in 
section). In a pit a little east of this, Prof. Prestwich and )11'. John 
Evans found a flint implement in the gravel-bed (3 in section). 


4 


-- 


----- - 


FIG. 8.-1. Sandy h trllil " with flints graduating downward into sand, filling pipes in cIav below. 
2. Unstratified yellow clay, containiu,e- i8o]ated angular patches of red(iÍl.h Fat1d. 3. 'WIJÏtif:h 
saud with a few Fcattered pebbles, sometimes chßng-ing into reddish 8and. like that of the 
patches in the clay above. 4. Ye]Jowish-brown clay C' red-brick eartb "), unstratified at top 
and graduating duwnward into laminated caJcareou6 clay. 


I have now ghTen all the facts at present known re
pecting the re- 
lation of these beds to the Glacial period, and I proceed to the consid- 
eration of Prof. Prestwich's theoretical views, as shown in the general 
section (Fig. 3). In the first place, Prof. Prest,vich identifies the ùowl- 
der-clay seen in the pit on the east side of the brook as the upper 
how Ider-clay. As I haye already n}ention
d, it in no respect reSE:'ID- 
bIeR the clay seen in other sections above the false-bedded bands and 
gravel, and thp existence of the middle glacial beels below this par- 
ticular depoRit if; entirely theoretica1. Prof. Prestwich makes these 
sands and gravel to pass under the brick-clays; and I feel coufident 
it ,viII astonish many of tbose who appeal to this section, as proof of 
the post-glacial age of palæolithic man, to learn that thf>Y have never 
been seen in this position, and that their presence is an assnmption 
only. The" reel-brick earth" ought, according to Prof. Prestwich's 
views, to thin out eastward, anel the dnrk clays or "red-ùri{'l\: earth" 
to crop up to tl}e surface from underneath it. Insteaù of t},is, as 
shown in Fig. 8, at the point B in general section, the "red-brick 
earth" fol1ows down the slope of the hi]], alld is not underlaid at aU 
at that point by the dark clays. I do not, ho,vever, attach much im- 
portance to this, as the "red-brick earth" migllt mantle the hil1, 
overlapping the edge of the dark clays, and yet Prof. Prestwich's 
general idea of tlle relation of the latter to the glacial bed
 be ('o1'r('{'t. 
'Vhat I do wif'h to point out is, that that re]ation is not proved by 
any of the facts known, aud that an elltire]y diftèrent interpretation 
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is not only possible, but more probable. That other interpretation I 
have indicated in the general section (Fig. 5), ill ,vhich all tilt.. facts 
observe<l are incorporated. I consider that the dark clay with vege- 
table remains and bones of the large extinct nl3.lUIUals is }Ireglacial, 
in the sense that it i8 older than "any of the glacial beds of the dis- 
trict. The gravel below the "red orick l->arth," in wLich l\lr. Frere 
found tile flint implement
, is probably of the sanlC age, or that of 
the overlying gravel (5 in Figs. 4 and 5). That the iUlplclUents, and 
also fragments of bones and wood, should be occa
iollally fouud in 
the o\'erlying òeposit
, is what lnight be expected, as they were in 
great Inea
ure formed hy the denudation of the older OIleS. 'fhe" red- 
brick earth" (4 in section) is, I believe, a true glacial day, belouging 
to the latter part of the first European lake. It is a noticeable fact 
that, all oyer Northern Europe, the glacial clays burn to a red color- 
:.\, point not without significance with regard to the rea beds of Per- 
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F:G. 9.-1. Sandy" trail" with flints-three feet. 3. Fnlse-bprlded sand aud 8uban!!111Qr 
rnveT"",",four' 
fect six inches. 4." Red-brick earth," yellow and ullstratified at. top, grar1
ating dn\\'nward 
into gray, laminated, cakareou
 clay; shells of Bithinia tentac/Jlata alld Limnea fJa'u.
tri8 abnn- 
dant at it". base, where there is about six inches of s:mdy clay-four feet Fix inchp5". 6. ('lay 
similar at top to the 111\Vcr part of the" red-brick earth," but with morc chalk-!!raillfl. gl aduaI- 
ly more chalky downward, and with stones like tbe upper portion of the lower bowlder-clay at 
poiut A iu general section. 


n1Ïan or Triassic age. The false-bedded sands and gravels (3 in Fig
. 
4 and 5) belong, I think, to the Iniddle glacial series, and the- clay (2 
in Figs. 4 antI 5) is, I think, the upper bowltler-clay. These views are 
only thcoretieal, but I claim that they are hased upon äs 
oun<l 3. 
foundation, and are as much in accordance with the facts of the case, 
as those generall y received. 
Another interpretation is tenable, namely, that the lower bowlder- 
. clay underlies the brick-clays, and that the upper howldC'r-ela)T OVf\r" 
lies them, \vhile they themselves helong to a warm interglacial period, 
as held by 
[essrs. Croll and Geikie. I do not agree with thi::-: opinion, 
as I can nowhere find any evidence of a warn1 intt'rglaeiaI period, ana 
am rinw:illing to believe that there "
ere more post tertiary gl:1<'Íal 
period:5 than one, when one will explain an the phenoInpna; hut if it 
were to turn ont that the lower bowlùcr-day òoes exist 1)('J)e:1th tIle 
brick-clays at IIoxne, it would be one of the strongest facts in its 
favor yet Lrought forwarJ. 



74 


TIl.1} POPUL,AR SCIJlJ.VUE .ðIOJ.VTIILl"-. 


I now COllIC to the real point and object of this })apcr. "..,.. e }Jave 
in England, at IIoxne, one of the finest opportunitie
 kuown to exist 
anywhere in Europe of determining the true relation that the Leds 
containing remaius of palæolithic man and the great extinct :\lam- 
Jnalia bear to the Glacial period; yet we have been couteut for nlore 
than a dozen years to allow the age of the beds that underlie these 
depoHits to remain a conjecture, aud to accept a theory ill
te
d of as- 
certaining what are the true facts of the case. The gpologieal ,,-orld 
has Lecn taught to belie\'e that a question w
s settll'd t}Jat is not 
settled. 'Ye lio know the age of the IIoxne deposits: they may, 
lS 
held by Prof. Prestwieh, be post-glacial; or they may, as held by 
Dle
srs. Croll and Geikie, be interglacial; or, lastly, they nlay, as I 
bolJ, be preglacial. , 
It is lJut creditable that this uncertainty shoulL1 remain when it 
can easily be cleared up. A few shafts or bore-holes put down would 
soon deterl11Íne whether or not glacial beds underlie the dark clays of 
the briek-pit, or sands and gravel underlie the bo'wlder-clay on the 
other siJe of the hrook. Excavations ::;hould also be made around the 
spot where 
Ir. Frere made his discoveries, to ascertain t}le exact posi- 
tion in wllÍeh the fliut implelnents 'were found so abundantly. I fee} 
satisfied that, if Sir Edward I{crrison, to ,,-horn the propeTty L('longs, 
,,"ere applied to by any of our learned societies, he would wiHingly 
allow the necessary eXéavations to be made. Probably the expendi- 
ture of two hundred pounds would be amply sufficient, and I suhmit 
that it is a work that should be undertaken by the lloyal Society or 
the British .,...\,ssociation, w'ho make grants for scientific inquiry.- 
Quarterly Journal of Science. 
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EFFECTS OF STUDY ON TIlE EYESlGIIT.J 


By WARD :McLEAN. 


A POPlTL,A.R error has long existed as to the real chara('ter of 
short-sightedness; and cyen mediea] men ]Iaye to S0111e extent 
part.ieipated in it. It is not an indication of strl'ngth of vision. It is 
a disease, always inconvenient, and sometimes dal1gerous. Its char- 
I The circumstance that one of the children of the writer is temporarily withùrawn 
from school because of injury to his sip,ht contracted in study, ha
 led him to look into 
this 8uhject, and this paper is the result. The 
tart1inA' extent, the rapid increase, and 
the serious character, of these visual defects in our school
, and the filet that thc greater 
part of them originated there, and might have been prevented, should awakt'n universal 
interest, that the proper remedies may be applied to arrest the moil as speedily and eflcct- 
ual1y as pos')ible. 
The writer having submitted this paper to Dr. David 'Yebster, of this city, takes this 
occasion to. acknowledge, with great pleasure, his obligation to him for important suggcs- 
tions. 
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acter, cause, and progress, have enlisted the earnest attention of th
 
most eminent oculi:5t:5, eS}Jccially during the last decade. The move- 
nleut received its first ill1pul::;e froln a suggestion of Prof: Donders, 
Juade in 18ß4. It originated, therefore, at the very fountain-head of 
influence and authority in ophthalmology; for Donders was one of 
the three men ,vho led in what is no,v sty led "The Great Reforma- 
tion," wrought some twenty-five years ago, in the treatment of defects 
and diseases of the eye. To illustrate the character of this. change, 
Dr. Agne,v, of N e\V York, in his analysis of 1,065 cases of asthenopia 
(weak sight), thus describes the standard treatment for this disease 
only thirty years ago: ' 
" Blisters, mercury, low diet, tartar-emetic, bloodletting, 3pplications of irri- 
tating alkaloids, such as veratria, to the circum-ocular parts, and setons, were 
freely employed. Sometimes the sufferers were so subdued or silenced by the 
treatment that they ceased to complain of their eyes, preferring to endure the 
ills they had, rather than to endure those which the 3ttempts to relieve thdr as- 
thenopia led them to. So comlllon was this treatment," he continues, "that 
more than one clever irregular practitioner made his fame and fortune in put- 
ting the exhausted subjects of it under hygienic rules, and giving them new life 
and hope by a generous dietary and free out-of-door life; thus showing how 80- 
called quackery is often the natural offspring of our ignorance." 


The suggestion of Prof. Donders is found in his work, " .i-\ccommo- 
dation and Refraction of the Eye," aud is as follows: 
" It would be of great importance to pOSRess accurate statistics of the near- 
sight and far-sight occurring at a given time in a particular category of men, es- 
pecially, for example, nmong the students of a university, in order to be aùle to 
compare them with the results of repeated investigations at subsequent periods. 
If it were thus found-and I can scarcely doubt that it would be so-Uwt near- 
sight is progressive in cultivated society, tbis would be a very serious phenom- 
enon, and we should earnestly think of means of arresting this progression. Not 
only is the near-sighted person not in a condition to discharge all civil duties, 
not only is he limited in the choice of his position in society, but in the higher 
degrees near-sigl1t leads to disturbance of the power of vision, and threatens its 
subject with incurable blindness." 


Ahout two years after this, Dr. Colln, of Breslan, pnh1i
hec1 the 
startling result of his investigations, which had taken the fornl of an 
inquiry into the effects of study on the eyesight. Similar investiga- 
tions followed in various pal.ts of Europe. 
..A likp movemC1ut is progressing in this country, ,vhich ,vas initi- 
ated hy Dr. Cornelius R. Agnc'w, of N e",'" York. U ntler hiR a nspiccs, 
examinations have heen made in N e,v York, Brooklyn, find Cincin- 
nati. Dr. Ea,vard G. Loring-, .J r., and Dr. Peter .A. Callan, of K ew 
York; Dr. Lucien IIowe, of Buffalo; and Dr. Haskct Derùy, of Bos- 
ton, have reported investigations in the same direction. 
In some of these investigations the sUfrgestion of Donders has 
been literally followed; while in most of them the effect of several 
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successive exan1Ïnations of " a particular category of men" has bec
 
sought to be reaJized hy one exalnination of several classes of stu- 
dents in the various stages of advancement ill study. 
In the tlârty-thrce schools of Breslau, including its uni,yerRity, 
Dr. Cohn examined 10,060 pupils of all grades, and found that] ,004 
of the ntunuer, distributed alllong all the schools, 'were near-sighted; 
and that only twenty-eight of these had near-':5Ìghted pareuts. Of 
the children who were yet in their first llalf-year of school-life, only 
0.4 per cent. w'ere ne-ar-:sighted. Thence, upward, through 
even bien- 
nial grades, the percentage increased till it reached 63.0 ver cent. of 
those who had been fourteen years at school. The disease was fOl\nd 
:1lso to he progressive in degree. 
Results bearing a striking correspondence with these )lave since 
been reported by various eminent European oculists, cládly the fol- 
lowing: Of 4,358 examinations by Dr. Erismann, of St. Petcr
ùnrg, 
in 1871; of 1,058 by Dr. l{eusse, of Vienna, in 1872, '73, '75; of 3,036 
by Dr. Conrad, of Iiölligsberg, in 1874-'75; and of 1,846 by Dr. 
Pfiüger, of Lucerne, in 1876. 
The interest excited by these reports was not confined to European 
circle,s. But the conditions of school-life in this country 'were ùelic\'f'd 
to be so much more favorable than in Europe, that thpse deplorable 
statistics, it was thought, could have no parallel here. K evertheless, 
the examinations which have been made, as ,ve shall sho,v, furlli
h 
occasion for the deepest solicitude. 
In N ew York the examinations .were made by Dr. 'V. Cheatham; 
in Brooklyn, hy Drs. Prout and 
Iatthewson; and in Cincinnati, by 
Drs. Ayers and E. 'Vjlliams. They had been furlJished hy Dr. Agnew 
with eIa borate ta1.les or forms, arranged like Cohn's, which they re- 
turned to him filled for snmn1Íng up and compa1'i
on. In this he was 
assisted by Dr. "Vebster. The results are as follows: 
K ew York CoHege, 549 students: introductory class-near-sighted. hYenty- 
nine per cent.; freshman class, forty per cent.; sophomore class, thirty-five 
per cent. ; junior, fifty.three per cent.; senior, thirty-seven per cent. 
Brooklyn Polytechnic, 300 students: Academic Department, ten per cent.; 
co11egiate, twenty-eight per cent. 
Cincinnnti, 630 students: di.strict schools, ten per cent.; intermediate, four- 
teen per cent.; normal high, sixteen per cent. 


This report ",'as read by Dr. "or eb
ter l)efore the Social Seience 
Congr
ss at Dptroit in 1875, and again hy Dr. Agnew at the l\ledical 
Congress in Philadelphia, Septenll)cr, 1876. In the report of the ])1'0- 
ceeding
 of the latter 110dy, for the ..il/edical Record, October 14th, it 
is stated that "the section nnfluimonsly reconlmenned to the Con- 
gres
 that the paper be published, with the statistical tal,les in full." 
K evertheless, the paper has not yet heen 'printed; but some of its 
conclusions nlny be found in the lJ/edical Record, January 20th. 
In }1"ebruary last, Dr. Lucien IIowe ,vas appointed, hy the Duffalo 
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l\Ietlical Ässociation, to examine and report upon the effects of study 
upon the eyes of pupils of the public schools of Buffalo. In l\Iarch 
he reporteù that he had exmnilled 1,003 scho)ar
, of whom he found 
twenty per cent. to be near-sighted, and twelve per cent. o\'er sighted; 
that not a single case of near-sight was found among the chi]drcn six 
years old and under; but that at seven years of age fi \"e per cent. 
hart. acquired near-sight; at eleven there were eleven per cent.; at 
thirteen there were nineteen per cent.; and at eighteen twenty-six 
per cent. ....\.mong those who had continued in the scl}ools L
yond 
the age of twenty-one years, he fonnd no less than forty-three per 
cent. with nenr-sight. lIe says that Dr. Agnew had sent h1111 blanks 
fot" the nan1e, age, sex, and height; for the exact size of de
ks and 
seats; also, for each room, the color of the walls, uumber of windo,vs, 
anrt. whether to the right, left, front, or rear; the Dlllllber of square 
feet in each window, and the distance of adjoining buildings which 
miJht obstruct the light. Also, for n1ethotl
 of teaching hy large ob- 
jects, the hours of study, nUI?-1her of recesses, methods of heating and 
ventilation, and for the cubic feet of air to each individual. The 
greatest care ,vas exercised to record: 1. The precise condition of 
the pupils' vision, whether healthy or not; and, if abnorn1al, to "'hat 
degree. 2. The usual position of the body when studying. 3. IIIu- 
1uillation of the school-rooln. 4. 'rh
 relaxation given to the eye 
alone, or to the whole body. ó. The general hygienic surroundings 
of the pnpil. 
lIe then describes the process of inrlividnal examination: flalf 3 
doz('n scholars at a tirne were sent into a class-room, on one of the 
,valls of which had been hung a card of letters known to oculists as 
"Snellcn's test-types." The scholars ,vere placed at a distance of 
t\\Tenty feet ft'on1 these letters, and asked to re
ò the lowe
t line, 
tlw letters being -i-inch Gothic. Those 'WIIO can pass tlÛ.ç te.çt are 1l0t 
near-sighted. Then there is 11eId hefore the eye of each a weak con- 
v
x glass, snch as 01(1 people are accustomed to wear. If he cannot 
see so well a.ç without it, lie is not far-si,r;hted.1 In some cases of un- 
usually imperfect \"ision, the ophthalmoscope was employed. 
Dl1r 1 ng the summer of 1876, Dr. E. G. Loring, Jr., of New York, 
assisted hy Dr. R. H. Derhy, cxamin'ed the sight of 2,000 pnpils of 
the Twelfth Street puhlic school and the norinal school in Sixty-sixth 
Street, N e\v York. Their ages ranged from six to twenty-one years. 
As in the other e'X:aminations cited, myopia was found to affect 
 
v(>ry small percentage of the pupils in their first year, and to increase 
yeal"ly and largely thereafter, to the close of school-life; and that 
the average de,rlree of ncar-sight increase
 with the age up to twenty- 
sevC'u years. IIi
 report ,va
 ,'ead before the l\Iedical Congress in 
PhiIa,1C'lphia, in S
pte1nher, 187G. 
hJ. the fall of 1875, Dr. Hasket Derhy, of Boston, cornmcnced a 
1 These arc approximate tests. 
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series of examinations at Amherst Conege, with the purpo
è of noting 
the progress of near-sight in the same class and in the same individu- 
als. The freshman and SOphol11ore classes-I,880 and 1,879-were 
required to report to him; and twenty-seven per cent. of th{' fonner 
and twenty-eight per cent. of the latter were found to be ncar-sighted. 
In the fall of 1876 they were again examined, ,vhen the di
('ase was 
found to have progressed in one-half the nnnlher of those previously 
found to be nlyopic. In January, 1877, he examined the eyes of 122 
volunteers from the freshman class of IIar\
ard ColJege-a little 
more than half the class-of ,vhom 29.5 per cent. were found to be 
near-siglltetl. Of these, twenty-two per cent. had supposed their sight 
to be normal. lIe describes his blank-printed forms as- 
" fined in with the name and age of each indi
idual, the state of earh of his 
eyeð as separately tested by glasses find the opllthalmoscope, the amount of his 
vision, and remarks on his previous history and family peculiarities in this re- 
gard. Blanks are left for a similar examination at the close of the senior year." 


In his report to President Eliot,t he urges the advantages to the 
student of- 


"reliable information at the outset of his collegiate career as to the state of 
his eyes, their availability for study, and the course he must pursue to maintain 
their integrity, or keep existing evils fron1 increasing. At the termination of 
his undergraduate course lIe learns the effect of his four years of study, and is 
thereby enabled to form or modify his future plans." 


IIis report closes with an illustration of the development of Dt'ar- 
sight in a person born free froln it, but inheriting a strong tendency 
to it. During nine years-from the age of ten to nineteen-Hlgges- 
tions severa.l times offered with regard to rest and treatment Jlavil1g 
been unheeded, a progressive change had occurred, ranging fron1 per- 
fect soundness in one eye, and a very slight degree-represented by 
"0.75 "-of near-sight in the other, to a high degree of near-sight, rep- 
resented by "5.50" in each. If advice and warning are still unheed- 
ed, he thinks" an amount of structural change may be brought about 
incompatible with the integrity of tIle eye through lite." 
But while it appears to be conceded that near-Rig-ht is of infre.. 
quent occnrrence among the illiterate classes, the qUE'Rt ion is a very 
natural one, "I-Iaye examinations l)een made, tor comparison, of the 
eyes of any rIasses of young persons other t1)an those engaged in 
study?" Dr. Cohn examined the eyes of many peasant-children, liv- 
ing in a state of comparative simplicity, and having little or no ocea.. 
sion to tax or strain the sight, and found that hardly two in a hundred 
of them ,,"'ere near-sighted. Examinations have been mnde also of 
the Right of young factory-operatives in large manufacturing to"
ns 
in Europe, and t he results exhibit a low percentap.-e of myopia, corre.. 
sponding to that of the peasant-children here cited. Dr. Ilo"re says: 
1 Boston J[edical and Surgical Journal, March 22, 1877. 
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"Of 213 cases of eye-disease seen during the last year among the paupers of 
Buff.do, the recorù shows only three and one-half per cent. to have been near- 
sighteù. " 
Donders remarked this difference betw'een his private patil}nts- 
representing the wea1thy and cultivated class-and his ho
pital pa- 
tients: that while over-sight ,vas distributed between the two classes 
in nearly equal proportion, near-sight occurred much rnore frequently 
:llnong his private patients. 
The investigations of Dr. Peter A. Callan belong in this category, 
\vith a qualification. He examined the sight of 457 colored-school 
pupils, aged from five to nineteen years, of the N e,v York public 
schools, Nos. 3 and 4, and he found but 2.6 per cent. of them near- 
sighted. This field was selected because it ,vas thought to furnish 
the nearest approach to the normal eye to. be fonnd in this locality. 
The Snuthern ii'eedmen, he thinks, would afford the hest possible 
field for this special line of investigation. As a class, the colored 
people of New York, prior to this generation, had very lilnited educa- 
tional advantages, and the occupations which tax the sight, like en- 
graving, etc., have never been known among them. But as these 
457 subJC'cts are now receiving the best school-training that the city 
afford
, the superior condition of their sight must be referred to their 
freedom from hereditary tendency to myopia. The consrientious 
painstaking and thoroughness of Dr. Callan's work, as exhibited in 
his report, are manifest and noteworthy. 
TÜe uniform drift of results in all the examinations herC' referred 
to, and relating to over 26,000 individuals, 111a)" be regarded as suf- 
ficiently establishing the following propositions: 
1. That, as a rule, near-sight originates in school-life. 
2. That a large percentage of the scholars are thus afflicted-the 
percentage progressing with the stage of advancement in study. 
3. That near-sight is progres
ive in degree, according to the length 
of sehool-experience. 
But, though the demonstration of these points is now coulplete, 
fnrther and successive examinations will still he useful to dptennine 
the inlpro"enlent conseqnent upon the adoption of l11c-ans to that end, 
anLl to furnish a standanl of comparison between different school
 in 
respect to material or methods, or hot h-that is, first, in re
1)cct to 
arrangmnent of building, 
unount anil direction of light, character and 
position of desks, seats, etc.; and, second, in respect to met hod
 of 
teaching, especially in the earlier year
, and generally to the intelli- 
gent observance and enforcement by the teachers of hygienic C'ondi- 
tions. Dr. I-Iowe'
 report is intpresting in this fl'fltnrc, 
howing 
that "in 
chools ,vhel'e the h

gienic conditions relating to the posi- 
tion of the pnpiJs and the arrlount of light are disregal'(lcd, thp pro- 
portion of near-sighted pnpils gro\vs larger; and conver
ely, where 
these relations are observeJ, the nunlbcr din1Ïnishes;" and he gi,'es 



80 


THE POPUL
lR SCIENCE },[O.1VTHLlr. 


nUffiflrical rank" fron1 an ophthalrnic point of view" to the different 
schools exalnillcd hy him. 
IIere arise two questions: 1. Can near-sight be cured? 2. Can it 
be prevented? 
All authorities agree that it is incurable, and all agree that it n1ay 
be prevented. 
IIo\v ? 
"fhe answer to this may be made more satisfactory if first ,,"e 
rapidly sketch a few \vell-kno\vn physiologicnl facts, :-illd get an un- 
derstanding, apl'roxitnately correct at least, of what l1f1ar-sig}lt is, and 
what canse
 it.. Incid
!nta.lly we shall have occasion to notice some 
of the method::; and appliances for detecting both ne
r-sight and over- 
sight. 
vVhen we see any object c1f1arly, it is be.cause the rays of light rc- 
flected or radiated fl'om it enter the eye and produce a perfect picture 
of the object upon the retina. But the perfeetion of 1 he picture de- 
pends npon the distance, size, and illuminat ion of the object relatively 
to the powers and condition of the eye. The distance detern1Înes the 
angle at \vhich the rays enter the eye. "'T"hatever this angle, the 
rays mu
t converge upon the retina, or the picture ".ill he defective. 
This con vergence it is the office of the lens to effect. Fronl remote 
objects the rays are parallel, or nearly so. These, passing through 
the lens, arc con verged by it upon tbe retina. ....\.s the di:-;tance di- 
minishes, rays PIItering the. eye from any given point of the object be- 
come lllore and lllore divergent. Now, unless there be a correspond- 
ing inf>rease in the convexity ûf the lens, these divergent rays will 
not be fOC:1lizpd at the same point as were the parallel r3Y8; because, 
\vith the san1e power of lens, the focal distance must inerpase ns t
e 
rays cli,yerge; they will not, therefore, have converged when they 
reach the retina. A perfect picture will not be forn1ed, and distinct 
vision will not 'he realized. But a change does take pla('c ill the lens 
corresponding to the change in the angle of the rays which (luter the 
eye. As they c1i verge, its convexity inC'reasps. This i
 effected l)y 
the contraetion of a muscle called, sometilnes, the 'ií1'Uscle of acconnno- 
dation, which encircles the lens. Thus, t he point of convergence is 
maintained upon the retina, in spite of the varyillg angle of the en- 
tering rays. 
The normal location of the retina is that point at which pnrallel 
rays are cOllvergpd, the lens being at rest. But if t})e eyeball )o
es 
its normal SlUIPP, and becomes elongated in the direction of its visual 
axis, the retina is thereby set back beyond the focal point. Conver- 
gence ITIfiY be effected within the normal disbuJCP, lmt never ht:yond 
it; for, while the lpn
 may becolne changed from its pa
shTe 
t:1te to 
one of greater convexity, it cannot assume a convexity le
s than that 
of its pas
iYe 
tate. Consequently, when the ey(>ball becomes elon- 
gated fronl {i.ont to back, the convergence win ùe at a point in front 
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of, instead of 
lpon, the retina. This is near-sight, as it may be rec- 
ognized 1)y object-tests or trial-glasses. But ncar-sight is s0111et1mes 
simulated. This is caused by a spasmodic action of the muscle of ac- 
commodation. To deterluine absolutely, therefore, whether or not the 
eyeball has taken this abnormal shape, or whether the apparent near- 
sight is due to tlJÎs spasmodic action of the focalizing muscle, the 
oculist nlust paralyze that nluscle. He does this by a simple and, 
in his hands, a harmless application of a ,veak solution of sulphate of 
atropia. 1 Then the object-tests and trial-glasses 'will determine the 
question ,vith certainty. But, if it be in1l)l'acticable to apply the 
atropia, then the ophthalmoscope 2 must be resorted to, as offering 
the nearest approach to certainty of results when the accommodating 
muscle cannot be paralyzed, because its contraction is not very likely 
to occur under th; operation of that instrument. Thus provided, 'the 
oculist proceeds to examine the interior of the eye, and, his own eye 
being normal, and his own accommodation relaxed, if he sees the 
retina of the examined eye perfectly, he pronounces the refraction to 
be correct; or, technicaHy, the eye is emrnetropic. But, if he finds the 
retina is not clearly visible, there being no opacity of tbe refracting 
media, he knows it can only be because the rays reflected from the 
ophthalmoscope have not converged upon it. Assuming it to be a 
case of anterior convergence, he interposes a concave glass, which 
lengthens the focus and removes the point of convergence back upon 
the retina. Thereupon he pronounces the elenear-sighted j or, techni- 
cal1y, myopic, of a degree indicated by the strength of the glass. 
Near-sight, then, is that condition of the eye in which the rays from 
distant objects reach the retina AFTER convergence. 
On the other hand, if, instead of the eyeball becoming elongated, 
it is flattened, then the visual axis is too short; that is, the retina is 
brought too near the lens, ,vhich consequently requires the contntC- 
tion of the accommodating muscle to focalize the parallel rays upon 
the retina; whereas, had the eye been normal, the lens ,vould have 
performed this function while in a state of rest, and would have re- 
quired the contraction only for divergent rays. 
I Though this is frequently done with individual patients,.yet schools have generally 
objected to it. Dr. Cohn enjoyed an exceptional opportunity to examine the eyes of 240 
scholars after the application of sulphate of atropia. Dr. Callan's cölored subjects, he 
relates, refused to permit this application. Therefore, wishing" to place the results of 
his examination beyond dispute" in point of accuracy, he adopted the alternative course, 
and" kept both of his own eyes under the influence of a four-grain solution of sulphate 
of atropia, applied three times daily during a period. of five weeks, so that the accommo- 
dation was completely paralyzed for that length of time." Sometimes the examining 
oculist has acquired the power to perfectly relax his accommodation at will. nut the 
relaxation of the accommodation of tlte subject, as well as that of the examiner, is essen- 
tial to entire accuracy. 
2 A small mirror with a hole in the centre. The mirror is held close to the patient's 
eye, so as to reflect into it the light of a gas-jet back of him. The oculist then places 
his eye close to the hole, and looks into "he illuminated interior of the eyeball. 
VOl.. XII.-G 
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This condition is kno'wn as over-sight, 1 technically, lzyperlnetropia. 
When it exists in a degree beyond the adjustability of tbe lell
, it 
lllay be recognized by object-tests and trial-glasses; but in less de- 
grees it may escape detection by these means, because of the accom- 
modating action of the lens. As in the case of near-sight, therefore, 
atropia must be employed for its exact observation. 
Over-sight 'Jnay, then, be defined as that condition of tlle eye in 
()hich 
pa1.allel rays, passively transnlÌtted by the lens, reach the retina BEFORE 
convergence, because of the shortened axis. 
'Vhile the subjects of this malformation are numerous, some in- 
vestigators finding them even to exceed largely those of the opposite 
condition,
 and 'while the eyes so malformed are usually not dis- 
ease.cl, as in myopia, yet numerous local 'and general disturbances 
are found to exist in very many of the cases. These are the result 
of over-use, or straining of the muscle of accommodation. A special 
interest has recently been excited in reference to them by an ad- 
dress of Dr. George T. Stevens, of Albany, read last Decenlber be- 
fore the Albany Institute,S in 'which the relation of cause and effect 
is claimed to have been established by the author, between certain 
visual defects, particularly over-sight, and such functional nervous 
affections as neuralgia, tl1e more common forms of headache, epilepsy, 
St. Vitus's dance, hysteria, and insanity. About six months previ- 
ously he bad presented this theory to the New York Acaden1Y of 
l\Iedicine, but he then limited its application to St. Vitus's dance. 
These views were" new and unexpected to the profession," and were 
controverted by Dr. Charles S. Bull, of New York, in a paper read 
before the New York l\Iedical Journal Association, in April Iast. 4 
He reports thirty-one cases of St. Vitus's dance in his own recent 
practice, in which special attention was given to the discovery of any 
such relation as Dr. Stevens affirms to exist. Fifteen of the thirty-one 
had correct and sixteen had defective ,'ision (over-sight). Of the 
latter only five could be induced to purchase and wear the necessary 
correcting glasses. But in thef;e five cases there should have been 
some improvement, at least, in the nervous symptoms consequent 
upon their wearing the glasses; this being, by the admission of Dr. 


1 This is not a disease, like near-sight, but a condition; and it is not acquired, but is 
congenital, always. It is also called far-sight and long-sight J' but it is thus liable to be 
confused with an acquired condition-producing a similar result, as in the sight of old 
people-which is not a flattening of the eyeball itself, nor of the cornea and the lens, but 
it is an impairment of the power of accommodation due to the hardening of the lens, 
which usually occurs at about the age of forty-five years, and is often called old sigM, 
but is technically known as presbyopia. 

 See U A Preliminary Analysis of 1,060 Cases of Asthenopia occurring in the Practice 
of C. R. Agnew, :M. D.," which shows hypermetropia 359 to myopia 121, or nearly three 
to one. 
3 NEW YORK MEDICAL JOURNAL for June. 
4 .1..1ledical Record, June 2d. 
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Stevens himself, "the crucial test" of the correctness of his theory. 
Yet no such result was observed. Nevertheless, in his later essay, 
he insists that "correction of the eyes of the patients does relieve 
their nervous symptoms. . . . This is no })lace," he says, before the 
Albany Institute, "to relate cures in Inedical practice; but, after a 
sufficiently extended and careful series of observations, continued dllr- 
ing more than four years, I can safely prophesy that this principle 
'v ill be founel of more universal application, and more successful in 
its workings, than any which has been advanced for the mitigation of 
this class of affections." 
The distressing confusion and disappointn1ent resulting from the 
unbalanced action, in the over-sighted eye, between the arrangement 
for adjusting the lens and that for converging the eyeballs, is very 
clearly explained by Dr. Stevens in the same paper. Referring to its 
effect upon school-children he says: 
"How often do we see children of our schools, frequently the brightest and 
most ambitious of their class, struggling with irritable nerves, at a disadvantage 
in their studies, layingthe seeds of future trouble, and often, as the time comes 
for selecting a pursuit in life, forced to abandon a chosen course of studies, be- 
cause the confinement at such work is too great a strain upon them! I look 
forward to the time when these children, who from this single peculiarity are 
placed at so serious a disadvantage in the struggle for life, shall find the relÞcf 
that science is ready to afford them, and which would remove the weight that 
would otherwise prove a serious hinderance in their course." 


Resuming now the consideration of near-sight, we proceed to sug- 
gest some of its principal causes, as follows: 
1. Too early use by school-children of books, slates, and writing- 
paper, or copy-books, when blackboards and models would be better. 
Type and script letters and figures, and their primary combinations, 
at least, should never be taught from books, but from large and per- 
fectly-formed models, printed on cards and hung on the wall. "'Then 
the eye and the memory are sufficiently trained to easily recognize 
and name each letter and figure at sight, and ,vhen some knowledge 
has been gained of the po,ver of letters and figures in conlbination, 
then the saIne fornls in books will be at once familiar as old acquaint- 
ances, and may be studied without straining the sight. To train the 
hand without straining the sigl}t presents a greater practical difficulty. 
In the large schools, of course, all the children cannot go to the black- 
bo
rd. But a considerable practice in drawing large lines and simple 
obje?ts on good-sized slates, in a sort of free-hand style, should pre- 
cede the forrnation of letters and figures; and, when these are begun, 
they should be made of generous size. A correct position, me:unvhile, 
should be an imperative requirement; and, until it becolnes habitual 
and easy, good work should be held to be of secondary importance. 
Hard slate-pencils and greasy slate-surfaces should not be permitted; 
both should be subject to systematic inspection. 
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2. Ignorance or laxity on tbe part of parents aud primary teachers, 
in permitting faulty positions of the head, body, and hook, during 
reading, study, and writing; and in not seeking early to secure the 
intelligent coöperation of the pupil by simple and appropriate physi- 
ological instruction. 
3. A prolonged and steady looking at an object or at objects near 
the eye, though at proper distance, without rest or frequent change 
of the visual focus, as in long and absorbed novel-reading, intense 
study, or persistent diligence in needlework. 
4. The practice of reading or other,vise using the sight at too short 
range. This results in part fron1 insufficient light; or from its faulty 
direction, so that the band or body throws a shadow on the page; or so 
that the direct rays fall upon the eye, causing undue contraction of t}le 
pnpil, while the page is in shado.w". It results also from inlproperly 
graded desks, from small and poor type and inferior printing-ink, and 
from faulty color and quality of printing-paper; also from pale '\Trit.. 
ing-ink-pale ,vhen used-and from the substitution of the lead-pencil 
for the pen, especially in the evening. 
5. A prone or forward position of the head too long maintained, or 
frequently repeated, and becoming a habit. This results from reading 
or studying with tIle book in the Jap, and from the use of desks not 
graded to the height of the Inlpil. Dr. IIowe reports pupils varying 
eighteen inches in height seated at tlJe same grade of desks. The 
distance of the eye from the page should not be less than twelve nor 
more than eighteen inches. IIaving tbe desks set too far from the 
seats also induces this faulty position. The front of the desk should 
overlap the seat one or two inches. 
Donders says,! "In the hygiene of Inyopia tIle very first point is 
to guard against ,vorking in a stooping position." He favors high, 
sloping desks, and indicates" rectilinear drawing on a flat surface" 
as a class of work which is especially objectionable. 
6. Since a vitiated atmo
l)here is a frequf'nt feature of the school- 
room, it may not be amiss to add here that the effect of bad air is 
indirectly to injure, if not to destroy, the sight. 
7. Al10wing a sun-glare on the page 1vhile reading; also transi- 
tions from cloud-shadow to sunshine. 
8. Reading and studying in railroad-cars is known to be a fruitful 
source of inj urr. 
9. But insufficient light, perhaps more than any other cause, pro- 
duces disease of the eye and derangement of the vision. This is not 
confined to the schools. Sailly frequent as it is found to be there, it 
is believed to be yet oftener illustrated at home, both by daylight and 
in the evening, in preparation for the school and otherwise. Artificial 
inumination is faulty at best, but, even in the Inost favored homes, the 
elder group is apt to monopolize tbe shaded drop-1igl)t or student- 
1 "Accommodation and Refraction," p. 419. 
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lamp, while tbe schoolboy with his text-books is found son1ewhere in 
tbe outer circle. 
Twilight-reading is much practised, and is especially pernicious- 
that is, prolonging the study or reading after daylight has begun to 
decline. The change is so stealthy that, when the interest is excited, 
and the mind absorbed, the growing darkness is unheeded or unob- 
served, till serious mischief is done. 
A curious and interesting case of injury to the sight Ly study is 
that of Prof. John Nott, late of Union Col1ege, Schenectady. Over 
tbirty years ago his sight was permanently destroyed for all literary 
purposes, " by attempting," as he says in a recent letter to the writer 
of this, " too much study ,vithout thought of tbe necessity of care for 
the eyes." How many are following after him! In the same letter 
he thus describes his case as diagnosed by Dr. Alexauder, of London, 
who alone of all whom he conRulted was able to afford him even tem- 
poraryand partial relief: "Thirty-six very small glands in the eyelids 
make oil for the eye, the same as oil for your lamp. 'Vhen these 
glands become dry, reading is impossible, although in other respects 
the eye may be perfect. This was my disease-no oil was supplied to 
the eye." lIe makes or Î111plies this noteworthy suggestion, which is 
hereby commended to authors, publishers, and school-boards: that a 
brief and appropriate cautio'lt be conspicuously printed or jJaste(l in 
the front of every school and college text-book, by authority of COlnn1/ls- 
sioners, superintendent, tl'ustees, or faculty. Something like the fol- 
lowing ,vonIJ perhaps realize his idea: 


CAUTION.-Reader, your eyesight is worth more to you than any 
information yon are likely to gain from this book, however valuable 
that may be. Yon are therefore earnestly cautionei/- 
1. To be sure that you have sufficient light, and that your position 
be such that yon not only avoiJ the direct rays upon your eyes, but 
that you also avoid the angle of reflection. In ,vriting, the light 
should be received over the left shoulder. 
2. That you avoid a stooping position and a forward inclination 
of the head. IIold the bo:)k up. Sit erect also ,vhen you write. 
3. That at brief intervals you rest the eyes l)y looking off and 
away from the book for a few moments. 
And you are furthel. cautioned to avoid as much as possible books 
and papers printed in small type, and e
pecially such as are poorly 
printed; also to avoid straining or overtaxing the sigIlt in any way. 
Boys l11ay need to be reminded of the great importance of thor- 
oughly cleansing the eyes '"'lith soft, pure water both morning and 
e\rening. 


To many readers it ,vould no doubt be interesting to consider bow 
each of the practices and conditions ,ve have pointed out as producing 
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near-sight tends to effect the elongation of the visual axis. But while 
there might be no disagreement among oculists as to the fact tbat 
the practices and conditions named do thus tend, there may not be a 
consonance so general as to the precise process in every case A fe\v 
general suggestions, however, are submitted: 
1. The rationale of the effect of the premature use of books, etc., 
during the more plastic condition of the eye is sufficiently obvious. 
2. A prolonged tension of the sight lessens the muscular elasticity. 
3. The contraction and consequent thickening of tIle muscles whi
h 
l)ull the two eyes inward, so as to focalize the sight upon a near ob- 
ject, causes a side-pressure, and a corresponding transverse or length.- 
wise protrusion. The nearer tbe object, the stronger must be this 
action of the muscles, and the more marked ..he effect. 
4. The prone position of the head causes the blood to settle in the 
eyebans, increasing the tension of the fluids, exciting inflammation 
and consequent softening of the coatings, and resulting in })ermanent 
distention. 
The attentive reader cannot have failed to observe that we have 
enumerated causes of injury to the eyes from study, other than those 
,,'hich produce near-sight. Of these, oIlly one seems to require refer- 
ence-the effect of bad air in tbe school-room. 
Dr. Loring read a paper in February last before the 1\ledico-Legal 
Society of K ew York, ans,vering four questions relating to the care 
of the eyesight, which had been subluittec1 to llÍm by that Society. 
The first of the series inquires the effect of bad air on tbe sight. 1 
His reply, given at some length, supports the statement herein made. 
In a recent conversation with the writer, Dr. Loring advocated 
examinations of the sight of all children when they first enter school, 
and at such subsequent stages of their education as might seem de- 
sirable. The position of a child's seat relatively to the blackboard, 
etc., would often be governed by such an examination. J-Ie thought, 
too, that glasses would be recommended in some cases by the examin- 
ing oculist-a })ermanent official he ,vould have him to be-and that, 
if necessary, they should be furnished at the public expense, or out of 
some special fund; the glasses to be worn during school-hours at least, 
if not continuously. He related the circumstance of a lad having 
been recently brought to him by his father from the West. An ex- 
amination verified the boy's statement that he could see to read usu- 
ally very ,veIl; but that sometimes, in a moment, his sight would be so 
affected that reading became impossible. This had led to his repeated 
punishment at school, his averm
nt of inability not being credited by 
his teacher. 


j .][edical Record, April 14th. 
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T IlE extinction of many animals that are known to have formerly 
existed on the earth is a subject 'which cannot very easily be ex- 
})lained, while the number of them is greater than at first sight ,vould 
be supposed. Various species no doubt undergo gradual extinction 
by changes which deprive them of their accustomed food; but others 
seem to die out from unknown causes. During the historic period a 
considerable number of animals bave been s,vept off the British Islands, 
among which are the 'bear, the ,,"'olf, tbe Irish elk, etc. In America, 
during the comparatively short period of its history, various species 
have vanished, and others are following them. The beaver, formerly 
so generally spread over the whole of that country, is now only to be 
found in remote regions. The deer and the moose are disappearing 
in the same manner. The bison is very much diminished in numbers, 
and n1ust ere long be extirpated. The mastodon, a creature of enor- 
mous bulk, has totally disappeared, although, along with the skeletons 
of them which have been discovered, there are evidences of their hav- 
ing lived on food derived from plants which are still existing. In 
other parts of the world, tbe dodo and the moa have peris11ed within 
the last few centuries; and the apteryx is undergoing tbè same fate. 
The moa or diuornis was a huge bird, of w hicb the remains are 
plentifully found in New Zealand. 
'Vithin recent historic times, this 
colony ,vas tenanted, to the al- 
most entire exclusion of mam- 
malia, by countless numbers of 
gigantic \vingless birds of various 
genera and species, the .Dinornis 
gigantea, the largest, attaining a 
size nearly thrice that of a ful1- 
gro,vn ostrich. From traditions 
which are current among the l\Ia- 
oris, they 'v ere fat, stupid, indo- 
lent birds, living in forests and 
feeding on vegetables; while the 
name moa seems to ha've been 
given to them from their peculiar 
cry. Since remains have been 
found in great plenty, the investigation of this singular bird is of the 
greatest interest to students of natural history. 
It is to the Rev. Richard Taylor that th
 first discovery of moa 
remains is due, which he thus describes: 
"In the beginning of 1839 I took my first júurney in New Zealand to Poverty 
Bay with the Rev. 'V. ",Yilliams, Bishop of Waiapu. When we reached Waiapu, 
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near the East Cape, we took up our abode in a native house, and there I noticed 
the fragment of a large bone stuck in the ceiling. I took it down, supposing at 
first that it was human; but, when I saw its cancellated structure, I handed it 
over to my companion, who had been brought up to the medical profession, ask- 
ing him if he did not think it was a bird's bone. He laughed at the idea, unù 
said, 'What kind of a bird could there be to have so large a bone? ' I pointed 
out it::; structure, and, when the natives came, requested him to ask them what 
it belonged to. They said it was a bone of the tarepo, a very large bird, that lived 
on the top of Hikurangi, the highest mountain on the east coast, 
md tlwt they 
made their largest fish-hooks from its bones. I then inquired whether the bird 
was still to be met with; and was told that there was one of an immense size 
which lived in a cave, and was guarded by a large lizard, and that the bird was 
always standing on one leg. The chief readily gave me tbe bone for a little 
tobacco; and I afterward sent it to Prof. Owen by Sir Everard Home in 1839; 
and I think I may justly claim to have been the fir\t discoverer of the moa." 


l\Ir. Taylor continued his inquiries alllong the natives, .who informed 
l1Ìm that the moa was quite as large as a horse; that these birds had 
nests made of the refuse of fern-root, on which they fed; and that 
they used to conceal themselves in the veronica-thicl{ets, fron1 whit}), 
by setting them on fire, the natives drove them out, and killed them; 
hence originated the 
laori saying, "The yeronica 'was the tree ,,'bith 
roasted the moa." The natives furtl1er nlentionecl that ,vhen a moa- 
hunt was to take place notire was given inviting a]] to the battue. 
The party then spread out to inclose as large a space as l)ossihle, and 
drive the birds from their haunts; then, gradually contracting the 
line as they approached some Jake, they at last rushed forward with 
loud yells, and drove the frightened birds into the water, where they 
could be easily approached in canoes and dispatched without their 
being able to make any resistance. These moa-hunts must thus have 
been very destructiv"e; as, from the number of men employed, and the 
traces of long lines of ovens in which the natives cooked the hirc1s, and 
the large quantity of egg-shells found on the ,vestern shores of K ew 
Zealand, a clear proof is given that these birds were eagerly sought 
for and feasted upon. Thus the poor moas had very little cbance of 
continuing their race. 
From a very interesting communication of the Rev. W. 'Yi
liams, 
dated l\Iay 17, 1872, it ,voulc1 appear that the moa may not yet be 
entirely extirpated. He remarks: 
" Within the past few days I have obtained a piece of information worthy of 
notice. Happening to t;peak to an American about these bones, he told me that 
the bird is still in existence in the neigl1borhood of Cloudy Bay, in Cook's Strait. 
He said that the natives there had mentioned to an Englishman, belonging to 3 
whaling-party, that there was a bird of extraordinary size to be seen only at 
night on the side of a hill near the place; and that he with a native and a second 
Englishman went to the spot; that after waiting some time they saw the creat- 
ure at a 1ittle distance, which they describe as being about fourteen or sixteen 
feet high. One of the men proposed to go nearer find shoot; but hi
 companion 
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was so exceedingly terrified, or perhaps both of them, that they were satisfied 
with looking at the bird; when after a Jittle time it took the alarm and strode 
off up the side of the mountain." 


In the Greymouth TJTeekly Argus, published in New Zealand in 
1876, there appeared a letter signed R. I{. 1\1. Snlythe, Browning's 
Pass, Otago, describing in a very detailed Inanner the capture of two 
living nloas, a female eight feet high, and a younger one three feet 
shorter. The writer finishes his account of their capture by remark- 
ing that he has little doubt that he will be able to bring them both 
alive to Christchurch. It is therefore to be hoped that living repre- 
sentatives of the genus IJinornis still survive. Feathers of the bird 
have been also found in a state of preservation sufficiently good to 
show that they possessed an after-shaft of a large size; and at the 
same time tradition and the condition in ,vhich the bones are found, 
retaining much of their animal matter, tend to show how lately the 
bird formed part of the existing fauna of the country. If the letter 
be genuine, it cannot be long before ornithologists, of whonl there are 
several of no mean repute in New Zealand, will be able to satisfy 
themselves on the subject. 
An additional reaRon for supposing that these magnificent birds 
existed not long ago is found in the fact that specimens of their eggs 
have been preserved. In the volcanic sand of New Zealaud, :\11'. 
'Valter l\Iantell found a gigantic egg, of the magnitude of which he 
gives us a familiar idea by saying that his hat would have been just 
large enongh to have served as an egg-cup for it. This egg nlust have 
been one of a dinol'nis or a palapteryx, and, although its dimensions 
are considerably greater than the egg of the ostrich, still it is smaller 
than might have been expected from a bird from t\ve1ve to fourteen 
feet high. It is well known that the egg of the New Zealand npteryx, 
to which the moa bears a very close affinity, is one of dimensions that 
are quite surprising in proportion to the bulk of the bird. The apteryx 
is about as big as a turkey, st
nding t\VO feet in height; but its egg 
measures four inches ten lines by three inches tw'o lines in the re- 
spective dialneters. To bear the same ratio to the bird as this, the 
egg of the Dinornis gigantea would be of the incredible length of 
two feet and a half, by a breadth of one and three-quarters! 
In the museum at York there is a complete skeleton of a JllOa, 
which, besides feathers, has the integuments of the feet pnrtIy pre- 
served; from which it is evident that the toes were covcret1 with 
small hexagonal scales. A specimen has also been sent by Dr. Haast, 
of Ne\v Zealand, to Prof. l\lilne-Edwards, which is to be seen in the 

Iuseum of Natural History at Paris.- Ohambers's Journal. 
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TO THE "RING NEB"LLA." 


By J. L. STODDARD. 


O PALLID spectre of the midnight skies! 
Whose phantom features in the dome of Night 
Elude the keenest gaze of wistful eyes 
Till amplest lenses aid the failing sight, 
On heaven's blue sea the farthest isle of fire, 
From thee, whose glories it would fain admire, 
:Must vision, baffled, in despair retire! 
\ 


1rhat art thou, ghostly visitant of flame? 
W ouldst thou 'neath closer scrutiny dissolve 
In myriad suns that constellations frame, 
Round which life-freighted satellites revolve, 
Like those unnumbered orbs which nightly creep 
In dim procession o'er the azure steep, 
As wbite-winged caravans the desert sweep? 


Or art thou still an incandescent n1ass, 
Acquiring form as hostile forces urge, 
Through whose vast length a million lightnings pass 
As to and fro its fiery billows surge- 
Whose glowing atoms, whirled in ceaseless strife 
Where now chaotic anarchy is rife, 
Shall yet become the fair abodes of life? 


We know not; for the faint, exhausted raJs 
Which hitber on Light's wingèd coursers come, 
From fires which nges since first lit their blaze, 
One instant gleam, then perisll, spent and dumb! 
How strange the thought that, whatsoe'er we learn, 
Our tiny globe no answer can return, 
Since with but dull, reflected heams we burn! 


Yet this we know: yon ring of spectral light, . 
Whose distance thril1s the soul with solemn awe, 
Can ne'er escape in its majestic might 
The firm control of omnipresent law. 
This mote descending to its bounden place, 
Those suns whose radiance we can scarcely trace, 
Alike obey the Power per\"ading space 



SKETOH OF jfICH.AEL SERVETUS. 


9 1 


SKETCII OF MICH.L\.EL SERVETUS.J 


By ])1. MA URIS. 


T IlE publication of an elaborate life of Servetus in EngJish at tbe 
})resent time will be welcome to many readers, 'who at present 
know little more of the man than that he was burned at the stake at 
Geneva, at the instigation of John Calvin, three bundred and tw
nty- 
five years ago. Tbe progress of tbe world from polytheism to mono- 
theisn1 has bad many tragic passages, but perbaps tbe most unique 
was this roasting alive of the Unitarian Servetus with green ,vood 1;>y 
a leader of the Protestant l
eformation. 
Dr. "Tillis, the author of tbe work, bad edited an edition of the 
writings of 'Villialll Ilarvey, accompanied by a biography of tbe 
great demonstrator of the circulation of the blood. His researches 
into this interesting subject led him to investigate the claims of Ser- 
vetus to a share in tbis grand discovery, when it was established that 
he was "the first ,vho proclaimed the true ,yay in whic}] the blood 
from the right reaches the left chambers of tbe heart by passing 
through the lungs, and even hinted at its further course by the ar- 
teries to the body at large." IIis study of the subject deepened 
the interest of Dr. Willis in the character of Servetus, not only as a 
physiologist, but as a l)hilosopher and scholar; as a practical physi- 
cian, freed from the fetters of mediæval routine; an eminent geogra- 
l)her and astronomer, and a liberal Biblical critic in days when criti- 
cism, as we understand the term, was unimagined. 
Servetus 'VftS a Spaniard, born at Villanueva, in Aragon, in 150[, 
of an old family in independent circumstances. He entered tbe Uni- 
yersity of Saragossa ,,,"hen about fourteen years old, and there per- 
fected himself in the study of the classics, in the Greek and Hebrev..- 
tongues, as 'well as in tbe ethics of Aristotle, scholastic })hilosophy, 
mathCIllatics, astronomy, and geography. From Saragossa he ap- 
pears to have passed to the Iaw-sc1]ool of Toulouse, but theology }}aJ. 
more attractions for him than la"r. A rational exposition of God's 
revelation of himself in Nature seems to have been a craving in the 
ardent and religious temperament of the thoughtful young Spanial'd. 
\Vhile at Toulouse he read the Bible, the writings of Luther, tbe ra- 
tional theology of Rymund de Sabunde, and the works of Erasmus. 
The effect of these studies was that, at eighteen years of age, he had 
already framed a theological systelu of his own, far in advance of the 
ideas of his tÏIne. Leaving Toulouse, Servetus entered the service of 
Juan Quintana, a Franciscan friar, and confessor of the Enlperor 
Charles 'T., "rhose coronation he attended in Aix-Ia-Chapelle, and also 
I "Servetus and Calvin: A Study of an Important Epoch in the Early History of the 
Reformation." By R. 'Villis, M. D. 541 pages. London: Henry S. King &, Co. 
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the Diet of Augsburg, which closely followed it. Servetus was in 
synlpathy ,vith the Reforluers of the Lutheran Reformation, and, in 
fact, C
Ul1e into conflict \vith theIn, because he did not think they 
,vere sufficiently rational and thorough-going, and what be sa,v of the 
})omp and tyranny of princes and bishops was not calculated to quiet 
the spirit of protest that early took a l)owerful hold upon his mind. 
At the age of twenty he ".rites: "For nlY own 1)art, I neither agree 
nor disagree in every particular ,vith either Catholics or Refonners. 
It ".ould be easy enough, indeed, to judge dif:paf:sionately of every- 
thing, were we but suffered ,vithout Inolestation 1)y the churches 
freely to speak our minds; the older exponents of doctrine, in obedi- 
ence to the recomnlendation of St. Paul, giving place to younger 
men, and these, in their turn, making ,vay for teachers of the day, 
w'ho hall aught to Ì1npart that has been revealed to theln. But our 
aoctors now contend f'Or nothing but power. The Lord confound all 
tyrants of the Church! AnIen." 
'Ylth such yie,vs, and a constitutional temperament that knew no 
fear, and leel him to the free expression of his opinions, he was, of 
course, soon disInissed from the service of Quintana. lIe then threw' 
l1Ìmsclf, body and soul, into the study of theology, and in 1530 ".e 
finel him at Basle, S,vitzerland, disputing \vith <Ecolanlpadius and 
other theoJogians on the consubstantia1ity and coeternity of tbe Son 
with the Father, and other points in connection with the idea of the 
Trinity then prevailing anlong Catholics as wen as Refornlers. Being 
unable to nlake his views acceptable to the Reformer ûf BasIe, he 
vroceeded to Strasburg to propound llÍs docrines to J\Iartin Bucer and 
"T. F. Capito, but ,,
ith no better results. !leanwhile, he had not 
been otherwise idle; he had written a lJook in ".hich his ne,vopinions 
concerning Christianity ,yere fuBy explained, and he resolveà upon 
baying it l)rinted, to nlake the world judge between him and the 
other Reformers. lie ,vas in GerInany, tIle land of free tllOught, as 
he imagined, and anlong men who had thought freely: why should 
he not avail himself of the same right? The name:; of Luther, Calvin, 
etc., appeared on the title-pages of their ,vorks: WIlY should his name 
ùe withheld from the ,vorld? Accordingly, the "Seven Books on 

listaken Conceptions of the Trinity" appeared with the author's 
full faIT!ily natHe, and the name of the country that called him son. 
As he appears in this book, Servetus Dlay be considered as the 
founder of the doctrine of real nlonotheism, as it was possible to con- 
ceive it in the sixteenth centnry. We are sorry to he una"Lle to give 
more than a passing notice of the chief points discussed in this work. 
lie believed in a kind of Trinity, but modal and formal, not real and 
personal in the usual sense of the ".ord. " God cannot be cOlweived 
as divisib]e," be says; he acknowledges a Son of God and a Holy 
Ghost, finding them in the Scriptures, no "Tord of which he ,vollld 
overlook, though putting his o,,'n interpretation on all they say. 
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"The word Trinity," he writes," is not to be found in Scriptures. 
The Son and the Iioly Ghost are no more than so Inany fornls or 
aspects of Deity. . . . To believe," he continues, "suffices, it is said 
(to salvation) ; but what folly to believe aught that cannot be under- 
stood, that is impossible in the nature of things, and that may even 
be looked on as blasphemous! Can it be that mere confusion of 
mind is to be deemed an adequate object of faith? " Speaking of the 
Holy Ghost, Servetus forgot "\vhat is due to a subject that has en- 
gaged the serious thoughts of so many pious and learned men. lie 
saw some portions of the Catholic Christian dogma 80 unreasonable 
as to be unable to refrain froin ridiculing the1n. Yet the idea of God 
to which Servetus had attained is unquestionably pure and grand-:- 
the only one, in fact, as we see the subject, that can be reasonably 
held by a true idealist. He also deals heavy blows at the doctrine of 
justification by faith, the leading feature of Luther's theology, in 
. terms neither complimentary nor respectful to its author; nor less 
roughly dealt with is the leading Calvinistic theory of predestination 
and election. 
The book seems to have caused a considerable stir both in Ger- 
many and Switzerland, to have found proselytes in Italy, and to have 
been read by everyone of liberal education. Some of the antagonistic 
Reformers themselves could not forbear being strongly impressed ,vith 
it. <Ecolampadius, writing to 1\iartin Bucer, July 18, 15
1, says: 
" Read the book, and tell me what you think of it; as the writer does 
not acknowledge the coeternity of tbe Son, I can in no wise approve 
of it as a whole, although it contains much that is good." l\IeJanch- 
thon writes to a friend, "I read Servetus a great deal." He does 
not agree with the author, but" I have little doubt," he continues, 
" that great controversies will one day arise on this subject as well as 
on the distinction of tIle t\\'"o natures in Christ." 
"The Reformers of tbe sixteenth century," Dr. Willis says, "went 
. little way in freeing the religion of Jesus of Nazareth from the accre- 
tions which metaphysical subtilty, superstition, and ignorance of the 
laws of N atnr(l, had gathered around it in the coursp of ages. Their 
business, as they apprehended it, ,vas to reform the Church-the ta
k 
Servetus had set himself, in the end, 'was to reform religion, ,vith little 
thought of a church, in any sense as it was conceived in his day either 
by papists or Protestants." IIow could a l)ook in this direction he 
"\velcome to the Reformers? It was too far in ad vance of their ideas; 
Servetus's c1ial{!ctics 'were too stringent, and his argull1ents too concln- 

iYe against them. 
After ,vriting a splendid letter to (E('olampadius, for which woe 
regret to have no room, he quitted Switzerland, "whither he had re- 
turned after the publication of his book at IIagenau; and herp he 
seenlS to have again taken up his quarters for some weeks or nlonths, 
to write and superintend the printing of the" Two Dialogues on tIle 
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Trinity." "C"nder color of modifying sonle of the views enunciated in 
, his first work, he now cast the concluding anathema against all tyrants 
of the Church, as a parting shot, and off he "
ent to France, reaching 
Paris toward the end of 1532. 
If Switzerland and Gennany " \vere too bot for him," Ronlan Cath- 
olic France woule1 have proved still hotter; but during the time he 
lived in that country he never made himself known save as " l\Ionsieur 
1\Iichel Villeneuve," from the town of his nativity. He entered as a 
student of ]uathelnatics and l)hysics at one of the colleges of Paris, 
and lived very quietly. At a later period be took his degree of 1\1. A. 
in the University of Paris. 
But the study of mathematics bad soon to be abandoned for present 
means of subsistence. After a short sta
 at Avignon ahd Orleans, 
Villeneuve betook himself to Lyons, then a great centre of iearning. 
There he seems to have found ready employment as reader and cor- 
rector of tbe })ress, first, and after,vard as editor in the celebrated 
printing-establishment of Trechsel Brothers. Among tbe works he 
edited for them, the" Geography of Ptolelny," enriched by extensive 
con1ments from bhn, can by no means be overlooked, connected as it is 
with the charges imputed to its editor, later on, in his trial at Geneva. 
The reading-roolll of the printers of Lyons, and the acquaintance 
Servetus formed there wit1} the great physician and naturalist, Dr. 
Champier, brought the former back from the empyrean of metaphysics 
to the earth, and put him in the way of becoming the geographer, 
astrologian, Biblical critic, physiologist., and l)hysician, "yith whom 
we are made familiar in his subsequent life ðnd 'writings. With the- 
money he hae1 saved in the two years spent with Trechsel, he went 
back to Paris (1536), and gave himself to the study of medicine. lIe 
becanle at once associated with scientists as distinguished as Andreas 
Vesalius, the creator of modern anatomy, and Joannes Guinterus; 
and in a singularly short time he obtained the degree of 1,1. D. 'Vith 
the stimulus of necessity upon him, for he 'was })oor, and the excite- 
ment of ambition, with 'which he was largely endow'eel, as ]Je found it 
hard to earn a liying by his profession, Servetus appeared before the 
,vorld as lecturer on geography and astrology-which then eluhraced 
the true doctrine of the heavenly bodies, as well aR the false one of 
their influence on the life of man; and in this capacity he achieved an 
cnornlons success. Next he came for'ward in connection with his pro- 
fession by writing a book on "1\Ieclicinal Sirups and their Use," thus 
"-Tinning fame also as a physician. A fiery struggle was going on 
during the early part of the sixteenth century bet ween the A verrho- 
ists and the Galenists. Like his initiator into medical matters, Dr. 
Chalnpier, Servetus was himself a Galenist; but in this character, too, 
he showed the independence of his nature, by having open eyes for :lIlY 
truth w'hich the Arabian writers and their followers might present. 
Servetus's fate on starting in Hfe "'as opposition. Through supe- 
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rior endowment and culture, he found himself antagonistic to almost 
all around hirn; his convictions were deep, and the haughtiness and 
violence of his dispositi.on made it impossible to suppress them. The 
physician, therefore, met the fate of the theologian. It seems tbat 11e 
had gone out of the way, in bis lectures, to accuse his fellows of 
ignorance, at least, of astronomy. The doctors of tbe faculty retali- 
ated by denouncing him from their c}1airs as an impostor and a wind- 
bag. Ser\
etus then .wrote a pamphlet, in which he laid bare tl1e sore 
places in the characters of his adversaries, even holding them up, in 
their ignorance, as the pests of society. IIis intentions being made 
known, the Senate of the University and the Parliament of Paris were 
petitioned to forbid the publication of tbe pamphlet; but Servetus 
outwitted theIn-before the day of citation came, the dreaded pam- 
phlet was distributed to the public. The faculty of medicine bad him 
summoned before the inquisitor of the king as an enemy of the Church, 
on the score of heresy, implied in the practice of judicial astrology. 
So thoroughly, however, did he satisfy the inquisitor that he was a 
good Christian, that he left the court with flying colors, absolved 
even of all suspicion of heresy. The doctors, however, in the end, 
,von the day. The award of the Parliament ordered 
1ichael Villano- 
vanus to call in bis pamphlet and deposit the copies in the court; to 
pay all honor to the faculty and its lnembers; and he was expressly 
forbidden to appear in public or in any other way as a professor of 
astrology. 
Villeneuve now moved to Charlieu, near Lyons, 'where he resumed 
the practice of medicine. While at Charlieu (1539), having attained 
his thirtieth year, according to the religious tenets he professed, he 
had hin1self baptized. 
Pierre Paumier, one of his Paris admirers and frienils, and now 
Archbishop of Vienne, hearing of his whereabouts, invited bim to quit 
the narro,v field of his practice for a wider one. Villeneuve accepted, 
and for the next twelve years he lived in Vienne, under tbe inllnediate 
patronage of the eminent prelate. 
Besides practising n1edicine, he resumed hiR connection with the 
publishers of Lyons, and among other works edited the Latin Bible 
. for Trechsel, with comments of his o'wn. From his lono- studies in 

 
the Scriptures he had come to the conclusion that, 'while the usual 
prophetical bearing ascribed to the Old Testament was ever to he kept 
in view, the text had a primary, literal, and ilnmediate reference to 
the age in which it was composed and to personages, events, and cir- 
cumstances, amon g ,vhich the writers lived. and accorc1ino- to this 
" b 
plan, he carried out the work. Yet Spinoza, Astruc, and others, who 
lived a century later, are caned the founders of the modern school of 
Biblical exegesis, and Servetus is not even nan1ed as a Biblical critic 
and expositor! 
'Ve have no,v arrived at a momentous eyent in the life of Scrvetus 



9 6 


THE POPULAR SCIENCE .JJfONTHLI'". 


-biA theological correspondence with John Calvin. It seems to have 
been entercd upon at the suggestion of John Frelon, one of the Lyons 
publishers. 
Servetus has been accused of having provoked the Genevese Re- 
former by addressing him in a style calculated to wound, if not to 
in
ult, hÍ1n; and the character of the man gives likclihood to the 
charge. But, had Calvin's letters been preserved, 'we doubt whether 
the accusation ,vould hold good; we know for a certainty that the 
great Reformer applied very freely the lowest epithets to l)is oppo- 
nents-" rascal, dog, ass, and swine, being found of constant occur, 
rence an10ng them-had there been any stronger tban scoundrel atld 
blasphcmer, they would have been hurled at Servetus." Calvin's own 
letter to Frelon, their go-between, throws a 
reat light on the subject. 
Among other things, 11e ,vrites: "I l)ave been led to ,,"'rite to him 
more sharply than is n1Y wont, being minded to take him down a lit- 
tle in his presumption; and, I assure you, there is no lesson he needs 
so much to learn as humility." At any rate, Villeneuve approached 
the Reformer, at first, as one seeking aid and information from another 
presumed most capable of giving both. Calvin replied in a concise, 
dogmatic "
ay ,vhich, indeed, could not satisfy a mind as thoroughly 
made up as that of Servetus. 1\Ioreover, the Reformer soon grew 
weary of the correspondence, so that Frelon had to interpose in be- 
half of the Spaniard in order to make the former answer his letters. 
Nor is this all: thinking he might escape further molestation, Calvin 
referred Servetus to his book, "Institutions of the Christian Religion," 
as though he had been a schoolboy who bad entered upon a discussion 
with the Reforn1er, witb no knowledge of his doctrines. Villeneuve 
now became his critic. The copy of tbe "Institutions " "
as sent back, 
copiously annotated in the margin. There was hardly a proposition 
in the text that ,vas not taken to pieces by him and found untenable 
on the ground of Scriptures and patristic authority, and this lIe did 
with the freedom of expression in which Villeneuve indulged. Calvin, 
in "Triting to a friend, indignantly says, "There is }Iardly a page that 
is not defiled hy his vomit." " The liberties taken with the' Institu- 
tions,' "Dr. 'Yillis says, H were looked on as a crowning personal 
insult by Calvin; and reading, as we do, the nature of th
 man, it is 
not difficult to conclude tbat it ,vas this offense, superadded to the 
letters, "Thich put such rancor into his soul as made him think of the 
life of his critic as no more than a fair forfeit for the offense done." 
As a n1atter of course, the correspondence w'as soon dropped by Calvin, 
but not so by Servetus, 'who seemingly could not bear Lis opponent's 
neglect; over thirty letters of llis, embracing a period of nlore than 
two years, are still extant. 
Servetns meanwhile had prepared another book, "Christianisn1i 
Restitutio" (The Restoration of Christianity) 1 with which llc intended 
1 The" Cluistianismi Restitutio" of Senetus is Olle of the rarest books in tbe world 
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to bring religion back to ll10re winning sin1plicity and purity. IIa\"- 
ing made a I\lS. copy of it, he sent it to Calvin, requesting an opinion 
on its merits. It was on its reception that, writing to his frienl1 Far
l, 
Calvin made use of the following language: "Servetus wrote to me 
lately, and besides his letter sent me a great volunle full of his ravings, 
telling nle with audacious arrogance that I should there find things 
stupendous and unheard of until now. He offers to come hither if I 
approve; but I will not pledge my faith to him: for, did he come, if I 
have any authority here, I should never suffer ld1n to [/0 away alive." 
'\Ve see already by ,vhat feeling Cal viu was anin1ated: he hates the 
man \vho did not acknowledge bis superiority, as he .was accustonlCd to 
see others do, and ,vho dared to criticise his opinions. Not ou]y did 
he not even condescend to offer any strictures upon Servetus's \vork, 
but he never sent back the }IS., although repeatedly asked for it. 
Servetus, who had kept another copy for himself
 determined to 
bave the book printed anonymously. Arrangements were made .with 
Balthasar Arnoullet, printer at Vienne, and, as secrecy was of capi- 
tal importance, a small house away from the known printing-establish- 
ment was taken; type, cases, and a press, were there set up, and in a 
period of between three and four months an edition of 1,000 copies 
,vas successfully \vorked off. The whole impression was then Inade 
up into bales of 100 copies each, and confided to friends at Lyons, 
Frankfort, etc., for safe-ke
ping, until the moment of putting them in 
tbe market aùroad })ad come. 
The book on " The Restoration of Christianity" comprises a series 
of discp1Ïsitions on the speculative and practical principles of Chris- 
tianity as apprehended by the author; thirty of the letters he had 
.written to Calvin; and other writings of minor importance. It is in 
this book that Servetus show.s himself the most far-sighted physiologist 
of his age, by anticipating the discovery of the circulation of the hlood. 
Through Frelon a copy of the book," hot from the prcs
," 'WflS 
especially addressed to "JUonsieur Johann Calvin, minister of Geneva." 
'Ve leave for the reader to imagine what additional anger n1ust no,," 
have entered the Reformer's heart, when, besides the offensive and, as 
he regarded it, heretical matter of the book, he found the letters 
,vritten to him made public, himse]f publicly scl100lcd, his most 
cherished doctrines proclaimed derogatory to God, and SOIHe of them 
as barring the gates of heaven! 'Vhat the reader, perhapf:, could not 
inlagine is, that the" high-minded" man who had emphatically de- 
nounced the" rigl)t of the sword" in dealing with heresy, ,vas now 
ready to hecolne instrumental in having it applied to Ser\Tctus. lIe 
became tIle denunciator of Servetus to tIle Catholic authoriticf: of 
Vienne; he betrayed friendship and trust by furnishing then1 with 


Of the thousand copie
 printed, two only are no\y known to survive: one amon
 the treas- 
ures of the National Library of Paris, the other among these of the Imperial Library 
of Vienna. 
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the docun1ents (letters and leaves irom the printed book as well as 
the 
lS. copy which lIe had kept) that ,,
ou1a bring about his canvic- 
tion, and consequently bis death. And this ,vas not dOJJe openly. 
Cah'in sent the ,vanted inforn1ation through a convert to tl]e R
fol'm, 
a young man by the name of 'Villiam 
'rie. Did not the style of 
Trie's letters and the documents show })lain1y the part played by tbe 
Reformer in the treason, he might be easi1y absolved from the ('harge 
-so cautiously had he worked to keep his treachery a mystery. 
er- 
vetns was arr
sted and tried; he only avoided being burned a1ive by 
making good his escape from prison (April 17, 1553), in which he 
seems to have been aided by some devoted friend. An the books, 
however, that could be found, ,vere seized and Lurned, together ,,'irh 
his effigy. 
E
caped from the })rison of 'V'lonne, afler ramùling some ,,'eeks 
through Southern France, he fled to Geneva. His cl]oice of this place 
can hardly be accounted for. Perhaps, though he knew that Calvin 
had been his denunciator, it never entered his 111ind that the Reformer 
'would now take the knife in hand birnsclf. In the ear1y 1l10rning of 
some clay after the n1Íddle of July, he entered Geneya and put up at a 
smaH hostelry on the banks of the lake, where he seel1JS to haye lived 
very privately for nearly a month. On Sunday, .A.ugnst 13th, he vent- 
ured imprudently to show himself at the evening service of a neigh- 
boring churclJ. Being recognized, Calyin 'was informed of his pres- 
ence, and 'without a moment's delay he again denounced hilll, and 
demanded his arrest. Servetus ,,
as at once thrown into the comn1on 
jail of the town. 
According to the laws of Geneva, grounds for an arrest on a crim- 
inal charge ",'ere to be delivered within t"Tenty-four hours thereafter. 
Calvin worked all night, and thirty-eight articles dra,,
n fronl the 
"Christiani
mi Restitutio" were in due time presented in support of 
the charge. Another law prescribed that criluinal ('barges should be 
lnac1e by some one who avo,ved himself aggrieved, and was contented 
to go to prison ,vith the party he accused, the law of retaliation dis- 
l)osing of him in case his charges ,,,,ere not nlade good; and Cah'in 
complied with this law, too, hy n1eans of a substitute. IIis cook, 

icolas La Fontaine, was the man ,vho now came forth as" person- 
any aggrieve<1 by," and prosecutor of, 
Iichael Servetus! 
The main charges against the Spaniard were: his haying troubled 
the churches of Germany, about twenty-four years previously, with his 
beresies and with an execrably heretical book, by ,vhich he had in- 
fected many; having continued to spread poison abroad with his 
"Comments to the Bible," the" Geography of Ptolemy," anr1lately 
with his" Restoration of Christianity;" having blasphemed against 
the Trinity, the Sonship of Christ, his consubstantiality ,,'ith the 
Father, and proclaime(l infant baptisnl a diaholic invention; 113.ving 
escapet1 from the prison of VÏenne; and, finally, " of having in his 
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printed books maùe use of scurrilous anù blCl8plterJtou8 terms of re- 
proach in speaking of )lonsieur John Calvin and his doctrines." 
Servetus's reply in his preliminary interrogatory ,vas: that he ,vas 
not conscious of having caused tiny trouble to the churches of Ger- 
many, and defied anyone to prove it; that he was unaware that the 
book he owncd to have had printed at Hagenau had produced any 
evil; t1]at it ,vas true he had con1mcnted on the aLoyc-nlentioned 
books, but he had said nothing in them that ,vas not the truth; 
and in the book lately printcd he did not believe that he blas}Jheined, 
Lut if it werc shown that he had said anything amiss, he ,vas really 
to amend it; that in the book be wrote on the Trinity he had fol- 
lowed the teaching of the doctors who lived immediately after Christ 
and the apo
tles; that previous to the Council of Nicæa no doctor of 
the Church had used the ,yord Trinity j that his strong language 
against tþe Trinity, as apprehended by the modern doctors, ,vas sug- 
gested by the belief that the unity of God was by them denied or an- 
nulled; that as regards infant baptism it was his belief that none 
should be baptized ,vho bad not attained the ycars of discretion; but 
he added, as ever, that if he were shown to be mistaken, he was ready 
to subn1Ït to correction; that Calvin had no right to cOlnplain of the 
respondent's abusive language, as he had been hhllself publicly abused 
by Calyin: he had but retaliated, and shown him froln his writings 
that he was mistaken in many things. 
On August 15th the council was formally installed as a court of 
crin1Ínal judicature, and the trial c0111menced; the answers of the 
prisoner to the articles being generally in the terms of his previous 
exan1Ïnation. The court closed the meeting ,vith making good a 
petition of Nicolas La Fontaine to be dischargcd from prison, Servetus 
hilnself having given sufficient pri}}
a-facie evidence of }]is guilt. Bail 
wa
, howevcr, required; and this was imlnediately forthcon1Ïng in the 
person of l\Ionsieur Antoine Calvin, brother of the Reformer. The 
chef de cuisine was discharged, ,vhile Servetus 'was renlanc1ed to jail. 
About this time, in a letter to his bosom friend Fare1, after relating 
the events of Servetus's arrest and of t.he proceedings against him, 
Calvin wTote, " I hope the sentcnce ,viII be capital at least." 
It would be 1110st interesting t3 follow this unprecedented sllanl- 
trial in all its details, as Dr. 'ViIIis has done; hut want of space lin1Íts 
us to mere outlines of it. The party of free thought, or LibertincE:, 
showing sympathy for the prisoner, tIle trial assurnec1 the character of 
a struggle bet\veen the two factions in Geneva. It ,vas nece
sary for 
Calvin to nip in the bud the ne,v growth of rebellion against his 
authority; and, throwing aside disguise, he now canle forward as 
prosecutor of Servetus. The Spaniard's opinions differed so ohviously 
froIn all they had ever been led to believe, that it was easy for Calvin 
to satisfy the nlajority of the judges of Servetus's culpability on theo- 
logical ground
. It sceIns, however, tba,t a feeling in favor of the 



100 THE POPULAR SCIE.J.VCE ltfO.J.VTHLJr. 


prisoner prevailed in the court; the Swiss churches, which on a sin1Í- 
lar occasion had deciùed against Calvin, ,,
ere appealed to for advice, 
and the proceedings were postponed. It is pitiful to see how Calvin 
had set his heart on the condenluation of Servetus. lIe interfered ,vith 
the conrRe of justice by threatening the "reakest among the judges, 
by stirring the feelings of his party in the council; he denounced alJd 
vilified his opponent fron1 the pulpit in no measured terms, exposing 
his opinions in their nlost glaring and repulsive aspects; ]1C tanlperecl 
,vith the ministers of the Swiss churches; he formulated ne,y and more 
elaborate articles of accusation, and to these, besides his o,vn,lulel the 
signatures of thirteen of his fellow-ministers :1.ppended-in one word, 
he left no stone unturnec1 to wreak his revenge. lIe ,,-anted Servetus's. 
death! The arguments and authorities piled against him by Calvin 
,vere so nlany, and the proceedings became sJ intricate, that 
er\'etus 
,,-as forced to request that he might be furnisbed with books, and have 
pen, ink, éJ.nd paper, supplied, in ,vhich to epitomize his defense. The 
jailer was directed to give hinl the books he "ranted, and a single sheet 
of paper! 
On this "famous" sheet, Seryetus, after den10nstrating that civil 
tribunals are incompetent to decide on questions bearing on reHgion 
only, and that heretics "
ere either to be brought to reaEon 1y argu- 
ment, or punished by banishment, and not by })rison, concludes: 
"Secondly, my lords, I entreat you to consider that I }Jave committed no 
offense within your territory; neither, indeed, haTe I been guilty of any ebe- 
where: I have never been seditious, and am no disturber of the peace. During 
all the time I passed in Germany, I never spoke on such subjects" (his theological 
views), "save with <Ecolampadius, Bucer, and Capito; neither in France did I 
ever enter on tlwm with anyone. I have always disavowed the opinions of 
the Anabaptists, seùitious against the magistrate, and preacbing community of 
goods. 'Yherefore, as I have l)een guilty of no sort of sedition, but have only 
brought up for ùiscus8ion certain ancient doctrines of the Church, I think Iougbt 
not to be detained a prisoner, and made the subject of a criminal prosecution. 
"In conclusion, my lords, inasmuch ns I nm a stranger, ignorant of the cus- 
toms of this country, not knowing either hoW" to spenk or to comport nJyself in 
the circumstances under which I nm placed, I humbly beseech you to nssign me 
an advocate to speak for me in my defense." 
If a shado.w of justice Ilad ruled tIle trial, this petition ,yould have 
met 'with success; but the court took no notice of it. "Skilled in lying 
as he is," said the attorney-gen(lral, CalvÏ1i's too], "there is no reason 
why he should now. demand an advocate." 
.A.fter the sitting of September 1st, in compliance "rith a wish pre. 
viously expressetl by the court, Cah"in, surrounded by a staff of min- 
isters, proceeded to the jail to visit the prisoner. Calvin having then 
opened upon ]Jim with a bigoted lecture, the consequences are easily 
Imagined: tIle interyiew ended as it could only enc1-1vith increased 
irritation on both sides. Fron1 1 his time (and we cannot but excuse 
the nlan), Servetus becan1e 11101'e intenlperate and aggre

iYe on Cal- 
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vin; not only int1isposed to yiehl one jot or tittle, ln1t negligent also 
of opportunities to dcfen<l his conclusions. Perhaps he knew. it .was 
useless to argue, for, as a Spanish proverb says, "
o man is so deaf 
as he ,vho will not hear." Perhaps Perrin and Berthelier, the leaders 
of the Libertines, too, had fed his l)l'ain .with false hopes and pron1Íses. 
The trial was now interrupted through differences between Calvin 
and the city fathers about municipal affairs. On September 15th 
Servetus wrote to the council a letter, from which we quote the first 
paragraph: 
"
ry )IOST HO:YORED LORDS: I humbly entreat of you to put an end to these 
great deInys, or to exonerate nle of the criminal charge. You must see that 
Calvin is at his wit's end, and knows not what more to say, but for his pleasure 
would have llle rot here in prison. The lice eat llle up alive; my breeches arc 
in rags, find I hfiye llO change-no doublet, and but a single shirt in tatters. I 
have also demanded to have a counsel assigned me. This would have been granteù 
me in lllY native country; and here I am a stranger, and ignorant of the laws 
and customs of the land. Yet you have given counsel to my accuser, l refusing 
it to me." 


On the 22d of September, perhaps instigated by Berthelier, Serve- 
tus took a hold step: he accused Calvin as his calumniator, and asked 
hÍln to be declared subject to the ,law of retaliation; lHlt the council 
took no nlore notice of this than thry had of the previous petition. The 
appeal to the churches of S.witzerlancl caused another pause in the 
proceedings, ana 
Iichael Servetus, October 10th, forwarded tlle fol- 
lowing letter to the council : 
" 
IoST NOBLE LOHDS: It is now about three weeks since I petitioned for an 
audience, and still I have no reply. I entreat you for the love of Jesus Christ 
not to refuse me that you w"ould grant to a Turk, when I ask for justice at Jour 
hands. As to what you may have comnlanded to be done for nle in the way of 
cleanliness, I have to infornl you that nothing has been done, and that I am in 
a nlore filthy plight than ever. In addition, I suffer terribly from the colù, and 
from colic, and my rupture, which causes llle lniseries of other kinds, I should 
feel shame in writing about more particularly. It is very cruel that I am 
neither allowed to speak nor to have my most pressing wants supplied; for the 
love of God, sirs, in pity or in duty, gi \
e orders in my behalf! " 
This appeal of the prisoner, as far as his needs "'ere concerned, 
nlet ,vith an immediate response; but the auc1ience .was never granted. 
The answers of the S,viss churches arrived at last, and as Calvin haa 
been their inspirer, anc1 they hac1 been taken in concert, they unani- 
mously condemned Servetus's theological views. On the 26th of Oc- 
toùer the council solen1nly asselnbled and condemnetl Ser,'etus t() be 
burned alive with his books; the sentence to be carried into effect on 
the n10rrow! In a letter to Farel, alluding to the vain attenlpts Inade 
by Perrin, the first syndic, by delay ana cntreaty, to save the lU'is- 
oner's life, Calvin speaks of the merciful man l)y the nickllanle under 
1 Germain Col1arlon was introduced as counsel for Xicolas La Fontaine, and continued 
all through the tria} as Calvin's champion. 
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'which he was wont to characterize his great Lil)ertine opponent, and 


says: 


" Our comical Cmsar (Perrin), having feigned illness for three days, mounted 
the tribune at length, with a view to aid the 'wicked scoundrel' to escape pun- 
ishment. Nor did he blush to demand that the cause might be remitted to the 
Council of the Two Hundred. But in vain; all was refused, the prisoner was 
condemned, and to-morrow he will suffer death." 


The sentence was in1parted to Servctus in the early morniug of 
the follo,ving day-his last. Encouraged l)y thc I..IibertÏIles, and 
know"ing hilnself guilty of no intentional blasphemy, he had neyer 
thought it possible that he would be condemned to death. lIe was 
at first as if struck dumb l
y the intelligence, He did but groan and 
sigh, as though his heart would burst, and cry, in 11Ís native language, 
" l\lisericordia !" II
n"ing by degrees recoyered self-possession, he 
requested to see Calvin. Accompanied by two councilors, Calvin 
entered the prison and asked what he wanted of hiln. Scrvetus had 
the heroic virtu
 to ask pardon of him-the Ilian ,vho had brongl1t 
hiln to his death! liard to say: the intolerant despot of Geneya, 
devoid of all humanity, J)ap not a word of mercy for his victim, ,vhen 
a word of his would have saved hinl ! 
An"hour before noon of Octoùer 27, 1553, Servetus was taken from 
his jail to receive his scntence fronl my lords the councilors and 
justices of Geneva. The tribunal, in conformity with custom, aSS<:'ffi- 
bled before the porch of the Hôtel-de-Ville, and receivec1 the prisoner, 
all standing. The proper officer then proceeded to recapitulate the 
heads of the process against him, "l\[ichael Servetus, of Vi]]anova, in 
the kingdom of Aragon, in Spain," in which be is charged- 
"First, with having, between twenty-three and twenty-four years ago, caused 
to be printed at Hagenau, in Germany, a book figainst the Holy Trinity, full of 
blasphemies, to the great scandal of the churches of Germany, the book having 
been condemned by all their doctors, and he, the writer, forced to fly that coun- 
try. Item. 'Vith haying, in spite of this, not only persisted in bis errors and 
infected many with them, but with baying lately had another book clandestinely 
printed at Vienne, in Dauphiny, filled with the like heresies and execrable blas- 
phemi'es against the Holy Trinity, the Son of God, the baptism of infants
 and 
other sacred doctrines, the foundation of the Cbristian religion. Item. With 
having in the said book called all who believe in a Trinity, tritheists, and even 
atheists, and the Trinity Îtsrlf a demon or monster having three heads. Item. 
With having blasphemed horribly, and said that Jesus Christ was not the Son 
of God from aU eternity, but only became so from bis incarnation; that he is 
not the son of David according to the flesh, but was created of the substance 
of God, having- receh"ed three of his constituent elements from God. and one 
only from the .Virgin 
rary, whereby he wickedly proposed to abolish tIle true 
and entire humanity of J eSlis Christ. Item. 1\ith declaring the baptibill of 
infants to be sorcery and a diabolical invention. Item. 'fith havin
 uttered 
other blasphemies, with which the book in question is fun, all alike against the 
majesty of God, the Son of God, and the Holy Ghost, to the ruin of many poor 
souls, betrayed and desolated by 
uch detestable doctrines. Item. '\"ith having, 
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full of malice, entitled the said book, though crammed with heresies, against 
the holy evangelical doctrine, 'Christianismi Restitutio '-' The Re::;toration of 
Christianity'-the better to deceive and seduce poor, ignorant folks, poisoning 
them all the while they fancied they were sitting in the shadow of sound doc- 
trine. Item. 'Vith attacking our faith by letters as well as by 11Îs book, and 
saying to one of the ministers of this city that our holy evangelical doctrine 
is a religion without faith, and, indeed, without God', we having a Cerberus 
with three heads for our God. Item. For having perfidiously broken and escaped 
frmn the prison of Vienne, where he l1ad been confined because of the wicked 
and abominable opinions confessed in his book. Item. For continuing obstinate 
in his opinions, not only against the true Christian religion, but as an arrogant 
innovator and inventor of heresies against popery, which led to his being burned 
in effigy at Vienne, along with five bales of l1is books. Item. And in addition 
to all of which, being confined in the jail of this city, he has not ceased mali- 
ciously to persist in the aforesaid wicked and detestable errors, attempting to 
maiiltain them, with calumnious abuse of all true Christians, faithful followers 
of the iuunaculate Christian religion, calling them tritheists, atheists, and sor- 
cerers, in spite of the remonstrances made to hhn in Germany, as said, and in 
contempt of the reprehensions and corrections he has received, and the im- 
prisonment he has undergone as well here as elsewhere. 
" Now we, the syndics and judges in criminal cases within this city, having 
reviewed the process carried on before 11S, at the instance of our lieutenant 
having charge of such cases, against thee, Michael Servetus, of .Villanova, in 
the kingdom of Aragon, in Spain, whereby guided, and by the voluntary con- 
fes
ions made before us, many times repeated, as well as by thy books pro- 
duced before us, we decree and determine that thou, 
Iichael Servetus, hast, 
for a long time, promulgated false and lleretical doctrine, and, rejecting all 
remonstrance and correction, hast maliciously, perversely, and obstinately, con- 
tinued disseminating and divulging, even by the printing of books, blasphemies 
against God the Father, the Son, and the Holy Ghost, in a word, against the 
whole foundations of the Christian religion, thereby seeking to create schism 
and trouble in the Church of God, many souls, rnembers of which, may have 
been ruined and lost-horrible and dreadful thing, scandalous and contaminating 
in thee, thou, having no shame nor horror in setting thyself up in all against 
tbe Divine 
ajesty and the IToly Trinity, and having further taken pains to 
infee.t, and given thyself up obstinately to continue infecting, the world with 
thy heresies and stinking heretical poison-case and crime of heresy gricvous 
awl detestable, deserving of severe corporal punishment. 
"These and other just causes moving us, desiring to purge the Church of 
God of such infection, and to cut off from it so rotten a member, we, sitting 
as a judicial tribunal in the seat of our ancestors, with the entire assent of 
the General Council of the state, and our fellow-citizens, calling on the name 
of God to deliver true judgment, having the Holy Scriptures before us, and 
saying, In the name of the Father, Son, and Holy Ghost, we now pronounce 
our final sentence, and condemn thee, :Michael Servetus, to be bound and taken 
to Champel, and there bound to a stake, to he burned alive, along with thy 
books, printed as well as written by thy hand, until thy body be reduced to 
ashes. So shall thy days end, and thou be made an example to others ". ho 
would do as thou hast done. And we command you, our lieutcllunt, to see 
this our sentence carried forthwith into execution." 


The sta
 according to custom, w
s t 1)(>11 hrok<.'l) oycr t h(' prisoner, 
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and there ,vas silence for n. n10ment. Tbe terrible sentence pro- 
nounced, the silence that followed was first broken hy Ser\Tetus; Dot 
to sue for mercy, for he knew there was no appcal, but to entreat that 
the manner of carrying it out might he cOlllmuted for one less dread- 
ful. "lIe feared," he said, "that, through excess of pain, he Inight 
prove faithless to hilllself, and belie the convictions of his life. If be 
had erred, it was in ignorance; JJe was so constituted, mel:tally and 
1IloraHy, as to desire the glory of Goel, and l}ad ahvays strÌ\'en to 
abide by the teachings of the Scriptures." I-lis appeal to the hu- 
manity of the judges, ho,vever, met ,vith no response. lIe prayed 
God to forgive his enemÏ<.-"s and l)crsecutors, and then exclain1ed : "-0 
God, save my soul! 0 Jesus, Son of the Eternal God, have c0111pas- 
sion upon me!" From tbe Hôtel-de-ViUe\he ,vas taken to Chan1pe1. 
'Vhile on the way tbither, Farel, the minister who accol11pallicd him, 
trieJ to wring from bim an avo,val of bis error, and the prayer, " Jesus, 
thou Eternal Son of God!" The unhappy Servetus, with a Inartyr's 
faith, only replied in broken invocation, " Jesus, tbou Son of the 
Eternal God, have compassion upon me ! " 
" When he came in sigbt of the fatal pile, the wretched Servetus prostrated 
himself on the ground, and for a while was absorbed in prayer. Hising and 
advancing a few steps, be found himse1f in the lumds of the executioner, by 
'whom be was made to sit on a block, l1is feet just reaclIing th
 grounù. His 
body was then bound to tIIe stake b.ehind bim by sev-eral turns of an iron chain, 
w l1ile his neck was secured in like lTIanner by the coils of a hempen rope. Bis 
two books-the one in manuscript sent to Calvin in confidence six or eight 
years before for his strictures, and a copy of the one lately printed at "-'-icnne- 
were then fastened to his waist, and bis bead was encircled in mockery váth a 
cbaplet of straw and green twigs bestrewed with brimstone. The deadly torcb 
was then applied to the fagots and flashed in his face; and the brimstone 
catching, and tIIe flames rising, wrung frOln the victim sucb a cry of anguish as 
struck terror into the surrounding crowd. After this he was braycly silent; 
but the wood being purposely green, a long half-hour elapsed before he ceased 
to show signs of life and suffering. Immediately before giving up the ghost, 
with a last expiring effort, he cried aloud, , Jesus, thou Son of tbe Eternal God, 
have compassion upon me!' All was then bushed save the crackling of tbe 
green wood; and by-and-by there remained no more of what bad l)een Michael 
Servetus but a charred and blackened trunk, and a handful of ashes." 
Thus l)el'isbed a noble man of ""horn his age 'was not worthy-the 
vÌctÏ1n of murderous religious bigotry. But the crime that had been 
committed shocked the humanity of Geneva, even in that dark period, 
and, before the year 'was out, Calvin ,vas driven to self-defense, and 
ai
playcd the remorseless traits of his character by libeHng the Ulan 
w.holn he had slain. It is said that, in this !)ersccution unto death,11e 
only n1anifested the spirit of l1Ís age, anc1 must be judged by that 
f"taudard. 'Vhile this may 1)e true, it is also happily true that in the 
]aps
 of centuries better standards have arisen, by ,yhich the character 
of Cah-in "rill be given over to execration, while that of Servetus ,vill 
he in.creasingly honored as that of an heroic Christian n1artyr. 
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CORRESPONDENCE. 


"THE TIDES." 
To the Ed
"or of tIle Popular SCienc8 Montlùy. 
S IR: Rcturning a day or two ago to Co- 
lumbus at the end of our vacation, I 
last night took up the September numbcr of 
THE POP(;LAR SCIENCE }IONTHL Y. Therein 
is a lettcr from EVdnston, Illinois, in which 
some of Prof. Schncider's mi.stakes, in his 
article on H The Tides," arc pointed out. 
Two or three yeal's ago 
fr. Schneider causeù 
his explan:ttion of the tides to be printed in 
a little periodical used extensively by Ohio 
tea,chers-I refer to l'lotcs and Queries, Sa- 
lem, Ohio. The errors of fact and philoso- 


CENTRIFUGAL 
FDRCE 


phy were then pointed out in that journal. 
And, inasmuch as Prof. Carhart has ab'ltn- 
dantly exposed 
Ir. Rchneider's mistakes, I 
content myself with showing a single point. 
The whole article on " The tides" is a bundle 
of absurdities, mistakes of fact and philos- 
ophy, and errors of figures in regard to 
quantity. 
Ir. Schneider, knowing abso- 
lutely nothing of the theory of the tides, as 


MOON 
G 


understood and explained for the last two 
hundred years, has concocted a maRS of 
nonseu!';e which is set out a
 the only ra- 
tional theol'Y. I incline to thc opinion that 
the Sew York gentleman who advised 
'ou 
!o print the articlc was playing a practical 
Joke on 
Ir. Schneidcr, or else he belong:; to 
that order of city mathematicians who rec- 
ommended Denson's "Geometry," a work 


in which there is proof (?) that an inscribed 
polygon of twelve sides is exactly equal to 
the circ1e which contains the polygon-i. e., 
circumscribes the polygon. Haù this new 
philosophy been put forth in the ordinary 
newspapers of the day, no notice would 
have been taken of it. On page 276, July 
number of THE POPULAR SCIE
CE 'MoNTHLY, 
we find the following: U The earth will then 
feel a centrifugal force on her side farthest 
from the moon, and equal to the centripetal 
force felt on her side fi.\cing the moon. 
These two equal forces, acting in opposite 
directions," etc. On page 279: "This 
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force [centrifugal] acts in a linc tangent to 
the earth's orbit." Then the centripetal 
force must also act parallel to the" tangent 
to the earth's orbit; " and so, whether you 
are a mathematician or not, you can ea
ily 
see that things are going on at loose ends, 
if they act in this way. (See Fig. 1.) Did you 
ever elsewhere see, or hear either, of such a 
centripetal or such a centrifugal force? 


FIG. 2. 


Again, on page 276: " This large amount 
of centrifugal force is produced by axial 
rotation, by revolution round the sun, amI 
by revolution round the centre of gravity 
[between the earth and the moon] already 
named. " 
Let us sce: the contrifugal forcc, in con. 
nection with the rcvolution of the earth on 
its axis, is uniform all around the equator 
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-consequent1y it cannot have any part in 
producing a tide at one side of the earth 
merely. This must be ruled out. 
Let us take up the last item of the thrce. 
C(}'ig. 2) is the centre of gravity between the 
moon and the earth, about 3,000 miles from 
the earth's centre, and 1,000 from the sur- 
face. K ow, the centrifugal force is always 
proportional to the distance from the centre 
of motion, other things being equal (see 
finy work on mechanics). Then the force 
at D is seven times as great as the force at 
.A, for it is se\'en times as far from C. 
Therefore the tide at D will be seyen times 
fiS high as that at A. Do Jour.K ew York 
tides play such tricks? 
It b al:-:o easy to show that the first 
item of the three has nothing to do with the 
tides. So in that sentence there are three 
hald-f:lCed absurditie
; and in fact there 
arc about as many such as there are sen- 
tences in the whole article. A hundred 
pages of manuscript are not sufficient to 
Eho\v them all1Jp. 
Take the next two sentences following 
the preceding, viz. : "The direction of these 
three forces is in the same line. The mo- 
tion of this part of her surface, which is in 
tbis line of direction, is therefore the most 
rapid; con;ö:equently the centrifugal force 
felt here is abo the greatest." 
Scan this closely, and) ou will find what 
the logicians call a 'l'irio1ls circle in the rea- 
soning. R. 'V. )IcFARLAZ\D, 
}>rofessor of :Mathematics, etc., Ohio 

-\gricultural and )lechanical College. 
COLL
nrrs, Omo, &ptember 12, lSí7. 


THE PRESE
T STAGXATIO
 OF TRADE. 


To tlte Edit01' ojïlLe Popular Science ;JJontltly. 
THE discus::;ion of the present econom- 
ical problem, the dept'ession of profits and 
wages, which the artic1e of Prof. Bonamy 
Price (" One per Cent.") initiated, ought to 
be continued, and facts and opinions ought 
freely to be contributed tm,ard a fun un- 
der
tanding of the subject. 
Prof. Price wntes from the rnone,-cen- 
tre, and reflects the state of enlightened 
opinion as influenced by his 
urroundings. 
The money accumulated there represents 
f:aving
, and he very naturally and very 
trul
T finds fault with our extrayagance. 
Xext comes Mr. Bunce, in the July num- 
ber (" O\'er-CoDsumption or Oyer.Produc- 
tion 
 "), giying the views as held in a man- 
ufacturing" centre; he admits over-produc- 
.tion and ath.i::;es restriction. 
Thi
, the di
tri1Jutive ( or trade) centre, 
K ew York, will not submit to; and Mr. 
Leland, in the August number, expo:-es the 
fa Hacy of some of )11'. Bunce's rea:::oning. 
'Yithout wishing to imply that tbese writ. 
ers did not intend to present the question 


in its total aspect, Jet they are viewing it 
through the glass of their surroundillgs; 
and, if I now add the opinion which is held 
in an agl'icultural region, the next writer 
wiJI include this and make his exposition 
more comprehensive. 
'Vein the agricultural districts deny 
tbat tbere is over-production in our line, or 
stagnation of trade in our articles. The factt! 
are, that witb tbree very good harvests and 
several average ones previously, we have not 
produced more than has been consumed. 
At the end of June, when tbe present 
abundant wheat-harvest wa
 begun, there 
was not old wheat sufficient for a month's 
home supply in the "
estern granary. r.Ghe 
new wbeat was hurried from tbe threshing- 
machine to the mill and ground immedi- 
ately, to 
l the regular orders for the Bos- 
ton, K ew York, and Philadelphia markets. 
Evidently, there has been no oYer-produc- 
tion in ",heat or in corn. 'Ye have readily 
sold all our beef-cattle, our sheep and swine, 
our wool, fruit, and dairy products. The 
production of all these has met the demand, 
and we have realized fair prÍl:e
. 
And, as a natural consequence, there 
h:1S ùeen no stagnation nor depression in 
our trade. Our farmers and smaU town 
and viJIage mechanics, and our 
man retail 
store
, have had all the ll('ct'::;Ea1'Íes of life 
in abundance, and not a few of the comforts. 
:Mortgages have been lifted, improvements 
have been made, surplus cash is in all our 
sayings-banks at four per cent. or less in- 
terest to tbe depositors. Our trade centres, 
doing the honest business of first - balJd 
traffic, are proFpering. 
All thr<Jugh our c01.mtry) farms and 
fisheries }1ave Dot produced more grain, 
meat, or wool, than has teen consumeà 
from one harvest to another. But we have 
produced more cotton than can be worn 
out from one year to another. Our mines 
have )'ielded more iron, in many places 
more coal, than is wanted; much le
s iron 
is now required for trades-tools, machinery, 
and railroading, than at that not far-distant 
period when a great deal was consumed in 
building new roads and erecting new ma- 
chinery where there had been none before. 
Mines are bringing up more sih-er than can 
be usefully employed; hence it is being 
hoarded, and its price mu
t 
ink. 
The cotton and the iron arc forced up- 
on the converting trades, in which so many 
mill. hands and factory-operatives are em- 
ployed. The raw material in excess be- 
comes cheaper. The conyerted products, 
the articles manufactured for con::-umption, 
are in exces
, and, forcing themselves upon 
the market, reduce prices., as well their own 
as the price of the labor tbat produced 
and distributed them. And, as a last con- 
sequence, these products are glutting the 
shelves of the merchants' warerooms, di- 
minishing the profits of the carrier and 
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All efforts at relief from the dull times' 
must lie in the same direction. .A large 
number of ou l' roilJ-hands and factory -oper- 
atives must take to farming, must raise 
themselves the food for their families, and 
some to exchange for comforts which their 
fields and herd:; cannot directly gÍ\>e. 
The old roiB-hands ought not to attempt 
the change; but the young and middle-aged 
ought, and escape from their "bonda
e)) in 
the East to the free fields of our wide \Vest- 
erll country. F. A. NITCHY. 
JEFFERSON CITY, l\IIsSOURI. 


merchant to a trifle, a:ld ending in bank. 
ruptcy and strikes. 
If all our cotton-mills and their depend- 
encies, all our iron industries, and some 
others, were to suspend, we should not ex- 
haust the supply on hand of their fabrics 
for quite a number of years. 
To sum up- 
1. There is no over-production of grain 
and meat. 
2. There is a great surplus of textile, 
iron, and similar fabrics. 
Hence, there is a one-sided over-produc- 
. tion, a one-sided depression of prices for 
labor and for fabrics; and, on the othel' 
side, a normal prosperity and attending ac- 
cumulation of savings. THE GREAT RAILROAD-STRIKE OF lSi1. 
The problem for relief at once presents 
it
elf in the question whether a cbange of To the Editor of the Popular Science :Jlontllly. 
occupation of a considerable number of fac- THE loss from peculation in the mallao-e- 
tory-olJeratives, mechanics, and forward- ment of raihva
's has pr
bab.ly 
een ex
g- 
ers, fl'om the trades to agriculture, would þerated; t?ese Important lDstltuÍlons have, 
afford the remedy and reëstablish the equi- 1Il the mam, been conducted on bu
iBess 
librium. I principles, with an eye to dividends. Those 
The farmer, e\'en at the most 'Vestern in control have aimed-with sllccess, until 
frontier, has always a sufficiency of food recently-to sÇcure competent and willing 
raised by himself, and generally a surplus, aid, and the .esprit de C01ïJS so e

ential in 
adequate for furnishinO' his family some great enterprIses. But managers and men 
comforts, and always independence. are alike the victims of a train of circum- 
If a large majority of the weavers and stances. foreseen onl
 by a few political 
machine-workers of to-day were to become economIsts. The plam fact is, that tbe 
agl'iculturists, they would become consum- railroad system finds itself in the brunt of 
ers instead of producers of the very arti. a movement that has been long approach- 
cles which are now made in excess; and, iug culmination. )lultitudes of Ollr native 
while the price of the articles mio-ht not be youth, seduced by the supposed attractions 
advanced, those that made them ;ould have and opportunities of the city, and swarms 
full and stead
r, instead of interrupted and of the poorer immigrants, have precipitated 
uncertain, employment-a double gain on the catastrophe, by swelling the already 
the present di::;turbed state. oyercrowded centres of population-have 
No legislative or government interfer- added to the number to be fed, by deeimat- 
ence is needed or desirable. The adjust. ing the army of producers-have lowered 
ment of the disturbed equilibrium in the the price of labor, by increasing the llum- 
productions will work itself out as soon as bel' of applicants. Reduction of extrava- 
the true caUSCR of the" stagnation in traùe" gant salaries and other "leaks" is to be 
are clearly understood. commended, but will not, it is to be feared, 
A case in point will illustrate. In a small effect any material increase of wages for a 
county town, the trade-centre of a good. long time to come, and that from no indis- 
farming district, the retail stores had done position on the part of managers, but from 
a very profitahle business up to about 1874. ca1.tses beyond IheÌJ' control. 
As a natural consequence, many persons Populations have been pas
ing throup:b 
with a small capital had engaged in this the throes of greater social transitions than 
line; finally their sales diminished, profits were ever before crowded into a ccntury, 
declined, because their number had in- and a vast amount of inconvenience was and 
creased beyond the former ratio between is inevitable. The immense industries cre- 
stores and customers. A few of them ated by labor-saving machinery have, in 
looked about for other occupations. One not a few instances, outrun the present de- 
engaged in tanning, which was a good field; mand, and hence-too often-an advancing 
another started a custom grist-mill, for throng of :lspirants has rounel it
elf con- 
which there was a demand; another opened fronted with another throng in disorderly re. 
a pork-packing establishment; another went treat: the re
ult is a fierce :;:tru::rgle for ex- 
into farming 011 a large scale. Here, the istence, in which reason exercises but a 
overcrowding with its attendant evits was feeble sway. 
understood as the cause of the decline in X ature and Providence are inexorable, 
trade; the enterprising members of the and take no thought for the individual in- 
profession left it for occupations that pay trudcr in their lrctck. These forces are now 
better, and the equilibrium has been reës- apparently engaged in starviu!!' the surplus 
tablished. humanity back into the cornfields. 
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But he is a sorry physician who is con- 
tent with a diagnosis of the disease, and 
prescribes no PI'cventive, or even remedy; 
and a::i in the cOL'poreal body, so in the body 
COI'porate--the best remedy is that which 
operates throu
h natural forces: let us see if 
such cannot he made available. Cannot this 
drift citywarù be check('d, or even turned 
}jackward, by rendcring farm-life more at- 
tractive to young men? For example: 
Instead of isolated homesteads, often 
miles asunder, why not dedicate a central 
space for a gooù, old-fashioned Saxon 
"common," which might hold the school, 
the church, the park, and other amenities 
of civilization, and be surrounded by the 
dwellings of tbe settlement? ..1nd why 


cannot parents, instead of placinO' their 
sons in dusty city offices, or behind ignoble 
counters, enable these younO' men-with 
the aid of competent experts, 
 here neces- 
sary-to establish such settlements? Might 
not 
ducation in such a community, by em- 
bracmg tbe study of natural object
, appli(c d 
science, and 
he practice of handicraft
, 
convert materIal that now evolveg into 
boors, "hoodlurn:-;," or U counter-hoppers," 
into. interested (because intelligent) and oc- 
cupIed producers, for whom rural life and 
scenes would possess attractions superior to 
the vulgar dissipations of the faubourg and 
the feverish competitions of trade 
 . 
G. II. KXIGHT. 
CIXCJXSATI, .AU(JU8t 10, lSi7. 
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EDITOR'S 



-'-ARllO WXESS .AJIONG MEN OF SCIE...YCE. 
IT is a great mistake to suppose that 
all the influences exerted on tIle 
Inind by scientific study are necessa- 
rily of a widening or libera1izing char- 

lcter. TIIere is an immense amount 
of leóitimate scientific work that does 
not tend to produce any such effect, 
but, on the contrary, has a narrowing 
and cramping influence upon the intel- 
lect. The intense and prolonged con- 
centration of thought upon special in- 
(luiries, when it becomes a Labit, ex- 
cludes that breadth of vimv which can 
only be attained by contemplating sub- 
jects in their wide relations. Absorp
 
tion in detail is inevitably unfavorable 
to tIle grasp of principles, so that the 
mere speeialist is never a philosopher. 
Of course, all strong scientific TIlen 
must be more or less specialists, lnust 
limit themselves to restricted portions 
ûf the scientific field; but in such minds 
1.l1e narrowing influences of particular 
studies are counteracted by keeping up 
an interest in T"arious subjects, and tl1C 
comprehensive results of research. 
There are many scientific workers, 
howe"\""er, who fuil to do this, who lose 
themselves in their own narrow dc- 
partments, and become, not only in- 
appreciati"\""e of the grand connections 
of scientific truth, but contemptuous of 
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the higher ,,'ork of scientific generali- 
zation. They applaud observation and 
experiment, and the accumulation of 
isolated facts, and stigmatize as mere 
theorizers tllOse "Vi ho labor to organize 
these facts and observations into ra- 
tional systems. It is not to be ex- 
pected, nor is it desirable, that an sci- 
entific workers sllould be philosophical 
thinkers, but there is great need that 
n1any of them should cultivate a more 
liberal spirit in this respect, and recog- 
nize that the systematic study of the 
relations of the sciences is as much a 
legitimate specialty as the working 
out of their separate and disconnected 
facts. 
There is anotller respect in which a 
large class of scientific men exhibit a 
narrowness of feeHng that is far from 
commendáble. Tbey cherish but little 
sympathy with the work of diffusing 
science, and take frequent occasion to 
disparage the motives and character of 
those of their brethren who dc"\""ote 
themselves to this kind of labor. 'Ye 
are glad to notice that the Saturday 
Reviell) administers a just rebuke to 
these illiberal and censoriolls gentle- 
men. Commenting upon President 
Thomson's address before tlle British 
Association, that journal remarks: 
" It is a thankless office to haye to re- 
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cord, as we are now compelled to do, that 
this time the impression was not a very 
favorable one. In one word, the president's 
discourse was much too technical for the 
occasion and the audience. It would be un- 
generous to cast any personal responsibility 
for this result on the eminent specialist who 
was chosen for the office. The gift of inter- 
preting the results of highly-special re- 
searches for the benefit of those who are not 
prepared beforehand by special know ledge 
is by no means a common one-in fact, it is 
itself a specialty which very few have mas- 
tered; for which reason people who are 
anxious to parade themselves as amateurs 
in science are much in the habit of cheapen- 
ing it. The notion that Prof. Huxley and 
Prof. Tyndall are mere popularizers-be- 
cause, forsooth, they can expound as weU as 
discover-has almost attained tbe rank of a 
vulO'ar error. Some remarks to that effect 
wer
 heard at this very meeting in the' 
Guildhall of Plymouth. Those who imag- 
ine that such l'emarks give them a scicntif:" 
ic air may be assured that there is no more 
certain stamp of a narrow and superficial 
habit of mind. However, we cannot all go 
to Corinth; a speGialist, however eminent, 
has not necessarily the gift of large and lu- 
cid exposition, and if he has not, the temp- 
tation to take refuge in the technical details 
of his own province is almost irresistible." 


The pettiness and jealousy here rep- 
robated is by no means confined to 
England; it has become a sort of cant 
among many reputable scientific men 
in the United States. The contemptu- 
ous remarks often made of the efforts 
of such men as Huxley and Tyndall to 
make science acceptable to the public 
are not always inspired by envy; they 
betray a very low estimate, often tinged 
with scorn, of all efforts to reduce sci- 
ence to a form acceptable to common 
people. 'Ye have had occasion repeat- 
edly to can attention to the paradox 
that, in this country, eminent for its 
popular institutions and its popular 
education, scientific Tnen are in less 
hearty sympathy with the work of 
popularizing scientific education than 
they are in England. The American 
Scientific Association bas persistently 
declined to take any interest in the 
question, while the British Association, 
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upon which it was modeled, has done 
much to encourage and promote thig 
kind of effort. Although our teacher
 
and boards of education have often and 
urgently called for assistance in organ- 
izing courses of study in which science 
should receive increasing attention, and 
be more methodica1Jy and efficiently 
cultivated, we are not aware tllat any 
aut1lOritative body of An1erican scien- 
tists has ever troubled itself to offer ad- 
vice or respond to such appeals. 
There is, of course, a certain validity 
in the reply that scientific bodies are 
organized for other purpo:;es, and that, 
as Agassiz used to put it, "it i
 their 
office to create science, and not to dis- 
tribute it-the latter function being the 
office of our educational system." But 
if our system fail of its duty in this par- 
ticular, it is certainly incumbent on 
those influential bodies, who have the 
interests of science in charge, to exert 
such an influence upon the schools as 
shan tend to secure tIle object, and, fail- 
ing to do this, they arc chargeable with 
a culpable indifference toward the work 
of ma1;cing science common and popular. 
The plea that scientific men are absorbed 
in investigations, and have little time 
to give to these outside considerations, 
is quite sufficient to excuse a simple 
non-participation in such work; but 
there is abundant reason to tI1Înk that 
the plea is often an uncandid pretext, 
and that the disinclination to act is due 
to narrow and petty prejudices upon 
the subject. 
The indifference of many scientific 
men to the work of popularizing science, 
and their iII-concealed disdain of those 
who succeed in it, arc no doubt largely 
due to" their incapacity to share in it. 
We have, unfortunately, but few scien- 
tific men with sufficient literary train- 
ing to write with elegance or lecture 
with eloquence upon topics which they 
may nevertheless thoroughly under- 
stand, and the number of scientific pro- 
fessors who fail in exposition before 
the public, and even before their col- 
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lege classes, is unfortunately large. The I processes which have for their object 
art of vivid, effective presentation by the establishment of truth. Logic, of 
language is so difficult that, unless a course, grew up into a system before 
nlan bas a genius in this way, it requires the sciences were developed; but it 
great laùor to attain even a moderate was a partial and imperfect logic. Fol- 
excellence in it, and when attained there lowing the modern developments of sci- 
is no doubt a presumption that it is at ence, growing out of them, and seri- 
the expense of more solid things. Yet ously influenced by all thcir great steps 
there is no reason why men of real sci- of advance, we bave a body of logical 
ence should not be able to arrive at and philosophical disquisitions tbat are 
llHlCh greater proficiency as literary ar- presented by such men as IIerscbel, 
tists than is customary with them, if "
hewell, Mill, and Jevons, who peal 
they would cultivate more liberal views with the mental operations involvtd in 
of the importance of popular work. At the investigation of truth, in tIle full 
all events, if our scientific men will not light o
 modern scientific experience. 
be at the pains to train themselves in Yet this interesting field of thought 
the art of attractive popular exposition, must be regarded as only fairly open
d, 
and will be content to write and speak and the works of the eminent gent]e- 
in the bald, technical, involved, and re- men referred to, though permanently 
pulsive style which is so common WitIl valuable, are no doubt nHlCh in the na- 
lllan:Y, let them not reproach others ture of preliminary inquiries, to be yet 
for setting a higher value upon the ac- carried out more thoroughly, and re- 
complislnnents of the successful public duced to greater unity and harmony. 
teacher. Impressed with the importance of this 
great phase of the intellectual work of 
the age, ". hich it is one of the lead- 
ing objects of THE PoprLAR SCIEXCE 
:MOXTIIL y to promote, it has been our 
good-fortune to secure tle services of 
an independent thinker and able writer, 
who "Will contribute to onr pages a 
series of articles under the general title 
of "Illustrations of the Logic of Sci- 
ence." The author has already attained 
an honorable elninence in the world of 
science by the promulgation of ad \
anced 
views of logical nletbod, and he will 
reduce these views to a nlorc systematic 
and popular form in the papers now to 
be pub1ished. We call flttention to the 
first essay of this series in the present 
number, which, though but introduc.. 
tory, nlay bc taken as foreshadowing 
the interest of the discussions that are 
to follow. 


WE have spoken in the foregoing 
article of the propensity of certain sci- 
entific men to lnaf-mify facts and depre- 
ciate theories. This is not only an 
evidence of narrownes
, but of igno- 
rance, for facts are of no value without 
tIleories. They are good for nothing 
until explained, or brougl1t by reason 
into relation with other facts, so that 
some step is taken toward the estab- 
lishment of a law. It is this connection 
of science with methods of thought, 
and its value as a means of arriving at 
the best methods, that give it its clahn 
upon tIle attention of all intelligent 
lnell. The demand for its popular rec- 
ognition, and its prominent place in 
education, rests far less upon its ser'Vice 
in the grosser utilities of life than on its 
influence upon the higher intellectual 
operations. Science 1Jeing tested and 
verified, clearly reasoned and demon- 
strated truth just to the degree in which 
it is matured, it must stand in tIle most 
intimate relations with those logical 


IT will hardly be necessary to invite 
the reader's attention to an article. to 
be also foUowed by others, on "The 
Growth of the Steam-Engine." That 
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revolutionary machine, which is so in- , tive of their religious beliefs, which were 
timately interwoven with the develop- , purely local and national. For these, Chris- 
ment of civilization, is itself a part of tianity substituted the belief in ûne God, 
that development, and as much a prod- and the doctr
ne of the unity of God en- 
uct of evolution as an oak a thousanù forced the umty of man; anù there was 
years old. The interesting story of its thus forme
 a com
unity of the faithful- 
f ld ' f I th h a holy empIre-desIgned to gather all men 
un 0 Ing r01n ear y germs, rong . . 
I d I b . . t t th mto ItS bosom. Thus the Holv Homan 
onO' an a orIOUS experllnen s, 0 e 
 . 
o .. . Church and the Holy Roman EmpIre were 
com plete IntegratIOn of the mechanIsm, d th th .. t t 
. . one an e same mg 1ll wo aspec s. 
WIll. be told by P
'of. 
hurston In suc- As divine and eternal, its head was the 
ceSSlve papers, wInch wIll be freely and pope, to whom souls were intrusted; a
 hu- 
elegantly illustrated. The, accompany- man and temporal, the emperor, commis- 
ing "portrait-gallery" of the great in- sioned to rule over men's bodies and acts. 
ventors who have contributeù to this Chapters are devoted to the subjects" Im- 
grand mechanical achievement will be perial Titles and Pretensions;" "Changes 
the finest anù fullest afforded by the in the Germanic Constitution;" "The Em- 
historic literature of the subject. pire as an International Power;" "The 
City of Rome in the Middle Ages; " "Effects 
of the Renaissance and Reformation on the 
Empire;" its last phases and end in 1806 
by the abdication of Francis II., 1,006 Jears 
THE HOLY ROl\IAS EMPIRE. By JA
IES after Leo the pope had crowned the Frank- 
BRYCE, D. C. L., Regius Professor of ish king. A supplementary chapter is 
Civil Law in the University of Oxford. added on "The New Germanic Empire," and 
12mo. Pp.479. New York: Macmil- 
lan & Co. 1877. Price, $2. an appendix of notes on "Imperial Titles 
and Ceremonies." To the whole is prefixed 
TIlE Holy Roman Empire dates from the 
a "Chronological Table of Emperors and 
)'"ear 800 A. D, when a Idng of the Franks 
Popes," and" Dates of Important Events 
was crowned Emperor of the Romans by 
in the History of the Empire." 
Leo III.; and it is on the inner nature of 
The treatment and style of the work are 
this empire, as the most signal instance of 
. . judicial and scholarly, and the book will 
the fusIOn of Roman and Teutomc elements d btl b t d I tl 1 . t 
. . .. . ou ess e a s an arc one on lC su )Jec s 
m modern cIvIlIzatIOn, that the author f 1 . h . k I 1 b k bl 
. . .. 0 W lIC It spea s. t laS een remar"a y 
dwells, treating of the mfluence whICh It I 11 . d II . d h . I d 
. . .we receIve on a SI es antl CT a rea y 
exercIsed over the mmds of men, and the d h h d . . ' 0 . 
. . passe t rou{\" seven e JtIOns. 
causes that gave It power; speakmg less of 0 
events than of principles, and describing 
the empire, not as a state, but as an insti- THE PHYSIOLOGY OF )Iem. Being the First 
tution created by and embodying a won- Part of a Third Edition, re,oised, en- 
derful system of ideag. The forms which Iar
ed, and in 
reat part rewritten, of 
"The Physiolof!'Y and Patholog-y of 
the empire took, in the several sta!!es of its '\ 1 d " u H }\[ ,r D 
'-' l' in. DY Er>õRY AI:'DSLEY, 
. . 
growth, are briefly sketched. .A glance is Pp. 547. 1\ ew York: D. ....\ppleton & Co. 
taken at the condition of the Roman world 1877. Price, 82. 
in the third and fourth centuries, in order TEN years ago, Dr. )rauù::;ley h:sued a 
to make clear out of what elements tbe im- large, well-elaborateù volume Uliller the 
perial system was formed. title of "The Pbygiology and Pathology of 
Expiring antiquity had bequeathed to Mind." It was well received, and a second 
the ages that followed two great ideas-a edition was called for, which has been now 
world-monarchy and a world-religion. The for some time out of print. Afrer several 
Roman dominion, giving to many nations a years' furthf'r study of the subject, and 
c
mmon speech and law, broke down the I availing himself of the great activity of 
dIfferences of race and nationality-"when investigation in this branch during the la:,t 
foreigner and enemy were synonymous decade, Dr. 
laudsley hns revised llÍs work, 
terms-and made citizens of them irrespec- and so extended it that it became desirahb 
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to make it into two volumes instead of one. 
That which was the first part now appears 
as a separate voLume, confined to the physi- 
ology of mind; anù will be followed by its 
sequel, or companion-work, as a separate 
treati::;e on mental pathology. It is an ex- 
cellent thing on every account to divide the 
original work in this way, for, although the 
subjects are most intimately connected, they 
can be just as well studied together now as 
before, while there will unquestionably be 
many who will care chiefly for but one of 
the volumes. That now issued has an inter- 
est for all students of the philosophy of 
mind, while the one fonowing will more 
directly concern the medical profession. 
"The Physiology of Mind" by Dr. :Mauds- 
ley is a very engaging volume to read, as it 
is a fresh and vigorous statement of the 
doctrines of a growing sC'ientific school on 
a subject of transcendent moment, and, be- 
sides many new facts and important views 
brought out in the text, is enriched by in- 
structive notes and quotations from author-. 
itative writers upon physiology and psy- 
chology, and by illustrative cases which 
add materially to the interest of the book. 
'Ye have room for but one of these, show- 
ing tl1C manner in which the loss of one 
sense is followed by an extension or in- 
crease of function of those which remain: 


":\Iany years a
o application was made to 
Dr. Howe. of the 'Ias8achusetts A8ylum for the 
Blind. by a locksmith for the 'luan ' of a blind 
boy, as he said, who had quick ears and a silent 
mouth. On giving satisfactory answers he got 
his loan. He wonted a boy to help him open a 
new and complicated lock. An inventor exhib- 
ited a locked safe and the key, Ëaying that there 
,,;3S money within, which should be given to 
whoever could open the lock without deranging 
it. The peculiarity of the lock wa!:', that it had 
ten bolt!'1, which, from all that could be ascer- 
tained, seemed exactly alike, but in reality one of 
them was an inch longer than the uthers, so that, 
when all were thrown forward, that one alone 
held the door closed. The key would lift any 
of the ten 110lts 
 but in order to open the safe 
it must be applied to the long- bo1t, and to that 
only, and that one mu
t be lifted and turned 
hack in order to open the lock; but if any other 
of the ten were lifted and turned back ever 
o 
little, it deranged the combination, and the lock 
could only be opened by a peculiar instrument. 
The object, then, was to ascertain which of the 
ten was thrown forward without turning back 
any ot her one. 
"The mechanic lifted each bolt carefully with 
the key, and let it fan, but without trying to 
throw it back; and he tben tried to ascertain 


if in falling it ma(!e any peculiar noise; for he 
inferred that, fiS the only one wbich held tbe 
door was an inch longer than the others, it mu
t 
fall with a slightly greater force; but the differ- 
ence was too slight for his ear. He took tbe 
blind lad, and asked him to Ih;ten carefully to 
the Bound wbich each bolt made as be lifted and 
let it fall. After listening to each intently, tl1e 
lad Baid the sixth one struck a little tl1e loudest. 
Tbe mechanic liftcd and let each one fall care- 
fully E'everal times, and each time tbe boy in- 
sisted that the sixth bolt sounded tbe loudcst. 
Upon tbis the mechanic lifted and turned back 
the sixth, and the lock was opened witbout the 
combination being deranged." 
No library of mental philosophy will be 
complete without this book, and no libebl 
student of the subject can refrain from giv- 
ing it his 
erious and critical attention. 


A PRACTICAL TREATISE o
 LIGHTNING-PRO- 
TECTION. By HENRY 'V. 8PA
G. 12mo. 
Pp. 180. 'Vith Illustrations. Philadel- 
phia: Claxton, Remsen & Haffelfinger. 
1877. Price, $1.50. 
THE above book contains the result of 
the author's observation and study on the 
subject of lightning-protection during an 
eigl1tcen Jears' experience in the telegraph- 
business. After an introductory course of 
experiment with artificial lightning, and an 
explanation of the principal known facts 
relating to the electricity of the earth and 
atmosphere, the author proceeds to show 
that few of the lightning-rods or conduct- 
ors now erected can be relied upon for 
an easy passage of heavy lightning-dis- 
charges, and goes on to prove that the metal 
roof and rain-pipes of a building can be 
made a better protection at a reduced ex- 
pense. Explicit directions then follow for 
the protection of buildings of every descrip- 
tion, ships, oil-tanks, 8team-boilers, bridges, 
telegraph-poles, etc. 


NOTES t;POX THE LITHOLOGY OF THE ADIROX- 
DACKS. By ALBERT R. LEEOS. :Pp. 35. 
From the Ame1.ican Cltemist. 
PROF. LEEDS does not assume to present 
a complete lithology of the Adirondack re- 
gion, but limits himself to gidng an outline 
of the work already done in that field: a 
description of the rocks so far collected by 
himself; analyses of some of the more im- 
portant typical rocks and minerals; results 
of microscopic study of rock-sections; and, 
finally, inferences drawn from these prem- 
ises. 
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JAIIRES-BERICHT DES N ATURIIISTORISCHEN 
VEREINS YON 'VISCO:SSIN. 1876-'77. 
Milwaukee: C. Dörfl.inger, printer. 
THIS 
\.nnual Report of the :Natural His- 
tory Association of 'Visconsin shows a grati- 
fying increase in the number of members, 
and in thc specimens contained in the va- 
rious cahincts of natural history. The as- 
sociation embraces a section for zoölogy, 
one each for botany, mineralogy, geology, 
and ethnology, and the cabinets of each of 
these scctions received during the year a 
large nUIuber of aùditional specimens. The 
list of acti ve members embraces over 200 
names. 


RELATIVE AGES OF THE SUN A'SD CERTAIN OF 
THE .FIXED STARS.. Dy Prof. D. KIRK- 
WOOD. Pp. 4. 
FRmr the facts considered in this essay 
by 1>1'of. Kirkwood, it appears to follow that 
-1. The solar system has not existed over 
twenty or thirty million years; 2. That our 
solar system is n10re advanced in its physi. 
cal history than the larger component of the 
doublc ptar Alpha Centauri; 3. That 61 
Cygni has reached a greater degree of con. 
densation than the sun; and, 4. The com. 
panion of Sirius has reached a greater state 
of maturity than the sun, while the contrary 
seems to be true in regard to the principal 
star. 


THE LOCUST-PLAGUE I:S THE UXITED STATES. 
By C. V. RILEY, ::\1. Ã., Ph. D. Pp. 236. 
""'ith numerous Illustrations and Col. 
ored )laps. Chicago: Rand, Mc
al1y 
I:.;, Co. Pdce,;;Þ 1. 25. 
"TE have here the fruit of the author's 
long-continued. studies of the haunts and 
ha.bits of the Rocky :\Iountain locust, as 
published from time to time in the" Ento- 
mological Reports of Missouri" and in sun- 
dry periodicals. The subject of the book is 
one that possesses a lively interest for farm- 
ers over a wiùe area of our \Vestern States 
and Territories. Prof. RiJeJ's object in pub. 
lishing ill a separate volume all the infor- 
mation he has been able to acquire with 
regard to the Rocky :Mountain locust is a 
practical one - namelr, to acquaint the 
farmer with the means of counteracting 
this plague-hence he, as :fin as possible, 
avoids teelmicalities, and writes in a style 
easily inteJIigihle to the popular mind. 
VOL. XII.-8 
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CmIPEXDIGM OF F .ACTS A
D EVEXTS. Com- 
piled by E. E
lERY. Pp. 496. Peoria, 
Ill.: 'T-ranscript print. Price, $3. 
TIllS very convenient volume represents 
an enormous expenditure of labor in conect- 
ing statistical information in regard to " al- 
most everything of interest to man." The 
matter is gathered in every instance from 
the most authentic sources, and is presented 
to tbe reader in the smallest possible com- 
pass. The work is one of pernmllent value. 
It is full of useful information for men in 
every walk of life, as the farmer, the me. 
chanic, the merchant, the publicist, the 
schoolmaster, the man of letters, etc. 


PETERS'S GEXERAL IIISTORY OF CONXECTICUT. 
Edited bv S.A)fGEL JARVIS McComnCK. 
Pp. 285. 
 New York: D. .Appleton & Co. 
Price, $1.50. 
IT was in this volume that publication 
was first made to' the outside wodd of the 
so-called" Blue-Laws" of Connecticut. Of 
these laws the autbor says that they were 
"never suffered to be printed." He does 
not profess to do more than to give "a 
sketch" of some of them, so as to exhibit 
the spirit which pervades the whole. \Yhat 
that spirit was can be seen from a few of 
the prohibitions of the coùe, for instance: 
" No one shall run on the Sabbath-day, or 
walk in his garden or elsewhere, except rev- 
erently to and from meeting. No woman 
shall kiss her child on the Sabbath or fast- 
ing-day. No one shall read common-prayer, 
keep Christmas or Saints-days, make minced. 
pies, dance, play calds, or play on any in- 
strument of music, except the drum, trnm- 
pet, and Jew's-harp. X 0 food or lodging 
shall be afforded to a Quaker, Adamite, or 
other heretic." The authcnticit}" of these 
laws Ims been called in question, and re- 
cently Mr. J. H. Trumbull published a work 
designed to show that the "False Blue- 
Laws" were invented by Dr. Peters. The 
object of Lhe editor in reþublishing the work 
is to make the public acquainted" ith the 
side of t.he question opposed to that of )Ir. 
Tl'UmbulI, and to confirm, as far as pos::.:iblc, 
by contemporary testimony, the truthfl11ne;;:g 
of D,'. Peters's summary of the Puritanic 
legislation of Connecticut and X C\Y IIa\en. 
But, quite apart from this que
tion, the 
work is one of real value, and well worthy 
the honor of republication 
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"r EIGHIXG AXD 
lEÅSLRIXG. By II. ,Yo 
CHISIlOL)[. Pp. 192. London: 
lac- 
millan. Price, 81.50. 
THE author of this little treatise, after 
defining weight and measure, devotes a 
chapter to U Ancient Standards of 'Veight 
and Measure," in which it is shown that ac- 
curate standards were totally unknown to 
the ancients, and in particular that the 
standards of ancient Egypt were not based 
on the eart
's dimensions. The history of 
English standard units of weights and meas- 
ures is then given with considerable minute- 
ness; next follows a chaptcr on the metric 
s)'stem; finaHy, there is a cbaper on 
" 'Yeighing and Measuring Instruments, 
and their Sciontific Use." 


THE BmLE OF HU)IANITY. By JCLES MI- 
CIIELET. Transhlted bv VrxcENzo CALFA. 
New YOl'k: J. ,Yo 
outon. Pp. 347. 
Price, $3. 
THIS book is not, as might be inferred 
f1'om its title, a scripture which would be 
acceptable to the followers of Comte, nor 
would it answer as a foundation on which 
to build any creed. It is one of a class- 
compilations of moral, religious, and ethical 
teachings from various sources, witp com- 
ments and extensions 1:>y the compiler, and 
bearing the impress of his ideas, which in 
the case of M. )Iichelet are quite peculiar. 
It is rather more reverent and refined than 
John Stewart's U Bible of Nature," but it is 
an equally great misuse of words to call it 
a Bible. 
The literature and art of India, Persia, 
and Greece, U the three hearths of light," 
and of Egypt, U t he monument of death;' 
have inspired the greater part of the wOl'k. 
Of course, it is erotic; the commentary on 
the "Song of Songs," though rather free, 
prCFents that ùralra in a 'Wonderfully bold 
anù viviù way; and Chapters YI., YII., and 
YIII., which treat of woman, are marked by 
the unlwaUhy exaltation which appears in 
all of 
Iichdct's later works, seem.ing, as 
the writer of th
 biographical sketch 8a
's, 
"to have been written under the influence 
of an uninterrupted honey-moon." 
It aims to be epigrammatic, abounds in 
italics anù exclam:ttion-points, and offers a 
rich field for phrase-hunters. It is among 
these and rather 
entimental transcenùen- 
talists that tbe book will find its reaùers. 


LECTURES AXD ESSAYS. Bv VIRGIL 'V 
BLANCHARD, M. D. New York: Blanch: 
ard .Food-Dure Company. Pp. 67. Price, 
10 cents. 
TllESE so-called essays are papers osten- 
sibly on physiological subjects, but are 
really written to puff a lot of preparations 
sold by the author, who st}'les hhllself the 
"originator of the food-cure system." They 
are written in the stJle which characterizes 
that class of literature-various diseases are 
described, embellished with sensational hor- 
rors, which may be avoiùed and cured by 
the use of the food-remedies. 'Yhile Pa
y, 
Frankland, and other able investigators, are 
becoming, more and more wary in their 
statements as to the way in which food is 
assimilated, and are beginning to question 
positions that have heretofore been gen- 
erally accepted, Dr. Blanchard dogmati- 
c3.11y asserts his ability to furnish specific 
material which shall go directly to the de- 
fective spot in the system, and set about 
the work of repairing the wasted tissues 
and disorganized nerve and brain cells with. 
out delay. 
It is probably useless to expose the 
fallacies of this sort of trash j so long as 
people are content to remain in ignomnce 
of hygienic rules, and ignore the laws of 
waste anù supply, the platitudes of these 
venders will have readers, and their nos- 
trums find sale. 


A PARTIAL SYSOPSIS OF THE FISRES OF rpPER 
GEORGIA: WITH SUPPLE)n:
TARY P APF.RS 
o
 FISHES OF TENNESSEE, KENTUCKY, AXD 
I
DrAKA. I
y DAVID STAR JORDAX,1L D. 
Salem, 
lass. Pp. 70. 
I
 a recent notice of Commissioner 
Baird's Report on Food Fishe
, we ex- 
pressed a hope that a systematic list of the 
fisbes of American waters, with de
crip- 
tions, and an account of habitat, seasons, 
etc., would some time be made. 
The papers included in the pamphlet 
before us are valuable contributions to such 
a .work. Û\'er the area indicated in the 
title the fighes have been catalogued and 
described with scientific accuracy, the locali- 
ties, relative abundance, and common names, 
are given, while the synonyms of their no- 
menclature receive due attention. K 0 at- 
tempt is made to give any account of the 
seasons, hahits, or manner of breeding, 
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which would be of most interest to the lay 
reader; but this would, perhaps, be too 
much to expect of the scientific worker 
attempting to cover so much ground. 


THE :METALLURGICAL REVIEW. V 01. I., No. 
1, Beptem
er. PuLli
hed monthly by 
DAVID \VILLlAMS, 83 Reade Street, Kew 
York. Price, $5 per year. :::;ingle copy, 
50 cents. 
THE pl'ojectors of this periodical are of 
the opinion that the metallurgical industries 
have become sufficiently important to haye 
a current literature of thcir own, and intend 
that this Review shall be a vehicle for dis- 
cussions on purely scientific topics, which 
are too abstruse for newspapers, and are 

iven to the public but slowly through the 
medium of books. 
This first number gives promise that 
the pu1JIication will have an im.mediate and 
permanent value. It contains, among others, 
essays on the U :Mechanical Treatment of 

Ietals," by Prof. R. H. Thurston; "Stuùies 
of Elemental Iron, and its Modifications," 
by Prof. Henry 'V urtz; "N ew hon Dis- 
trict of Ohio," by E. C. Pechin; and a mis- 
ceUany of short articles of metallurgical in- 
terest. It is finely printed in large, clear 
type, on excellent paper, with ample mar- 
gins, presenting a most creditable appear- 
ance. 


PUBLICATIOXS RECEIVED. 
PubIi!'\hprs' Tradf' LiBt Annual (18i7). New 
York: Puàli8lter8' TVe<:kly print. Price, '$:1.50. 
Free-Thil]kin
 and Plain Speaking. By LeE!- 
lie StI'pheu. Ncw York: Putnam's 
801ll:l. Pp. 
3G2. Price, $2.50. 
Volumetric Analysis. By Dr. Emil Fleisch('r. 
London and New York: :Macmillan & Co. Pp. 

!H. Price, $2.50. 
J1ethod of Least. Sqnares. By)1. }Ierriman. 
Same pubJi8hcrs. Pp.207. PricB, $2.50. 
Egypt as it is. By J. C. 
cCoan. New York: 
llolt & Co. Pp. 226. With 
Iap. Price, $:3.75. 
Engineerin
 Construction. By J. E. Rhields, 
C. E. New York: Van Nostrand. Pp. 1:38. 
Pl'icè, $1.50. 
Gnide to Rillgc niU Farms. Boston: Oeteh- 
en Bl"otb('rs print. Pp. 156. 
. The C0!11plete Preacher. Alf'o. The .JI(;(ropol- 

'an PI,z}JZ.t. )lonthly. New Yerk: Ucligious 

cwspaper Agency. $2 per year. 
Spiritual Sciences; Revelation of God; Christ- 
mas aud Nc\V-Ycnr's-Day: Good Friday: Bih:i- 
('al Theology; Ascemion-Dayanà Whitsun tide. 
All by'. Knklos." London: Publi:5hed by John 
lIarri
, Ki1hurn Square. 
Fm - b(>a.rin
 Animals. Bv Elliott Coues, 
Wa8hin
ton: Government Priñtinrr-Office. Pp. 
318. With Plates. 0 
"
eather Report
 for l\Iav. :1874. 'YashinO'- I 
tou: Government Printing-O.fficc. Pp. HIO. 0 
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. The Hidat
a Indians. By 'V. 1\Iatthews. 
.Washington: Government Printing-Office. Pp. 
246. 
Geological and Geographical Survey of Colo- 
rado and Adjacent Territory (18i5). By F. V. 
Hayden. Wal5hington: Government PrirJtill(r- 
Office. Pp. 8:H. WIth Maps anù Plates. ::. 
Contributions to North American Ethnology. 
BJ' \V. H. Dall and Ueorge Gibbs \Powell's Sur- 
veyof the Terdtol.iclS). "'a
hin
ton: Govern- 
ment Printing-Office. Pp. 3G1. \Vith Plates. 
The Geyser BasinA of the Y ellow
to[}e Park. 
By I. B. Comstock. }1'rom the ,. Proceedings of 
the American ASl:5ociation." Pp. 8. 
Result8 of Hypertrophied Tonsils. By A. W. 
Calhoun, 111. D. Atlanta: Dickson print. Pp.12. 
Canadian Reciprùcity. Pp. 16. Also, The 
Hard Times. Pp. 12. Philadelphia: American 
Iron and Steel A88ociation. 
Proceedings of the American Public Health 
Association. New York: llurd 
 Houghton. 
Pp. 249. Price, $4. . 
Positivist Prayer. By J. Lonchampt. Go- 
shen, N. Y.: Illdependmt Rt:.publican print. 
Pp.32. 
Civilization and th
 Duration of Life. By 
C. '1'. Lewis. Cambridg(>: The liiverside Pre8s. 
Pp.ll. 
Anthropoidea. Pp. 8. Sketch of Cuvier. 
Pp. 8. Hunterian Oration. Pp. 7. By Dr. A. J. 
Howe, of Cincinnati. 
Bulletin of the Survey of the Territories 
(Hayden's). Vol. III., No.4. \Vashington: 
Government Printing-Office. Pp. HO. ' 
Bulletin of the United States Nationaì Mu- 
seum, Nos. 7, R, and 9. Washington: Govern- 
ment Printin
-Office. 
Report of New York Meteorological Obser- 
vatory (18i6). New York: Bro":n print. l'p. 
IU5. With Charts. 
Organic Acids in Examination of 11Iincrals. 
By H. C. Bolt.on. New York: Gregory Bros. 
print. Pp. 36. .With Plate. 
Fifteen-Cent Dinners. By Juliet Corson. 
New York: Published for gratuitous distrUm- 
tion. Pp. 39. 
TIle Iíinrlerqarten lúes8enqer. Vol. 1'1 Nos. 
9 and 10. Price, $1 per year. 
Both's Method for treating Tuhercular Con- 
sumption. New York: Cherouny & Kienle 
print. Pp. 20. 
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"A New Type of Steam-Eugine."-Prof. 
R. II. Thurston r(',ld a paper at the Xnsh- 
yille meeting of the .American A8sodatioll 
on "A K ew Type of Steam-En
ine," a 
report of which we find in the AmC'J.ican 

J[an1
fachl'J"c1" The author first gave a. 
history of the steam-engine from Hero's 
time; then he di
cu
sed the modern type of 
steam-engine, pointing out its shortl'Qluings ; 
finally he proposed a new type, de:-,igned to 
prevent loss of heat-ener
y.' There are, he 
observed, only two possible methods of util- 
izing the full heat-energy: the first is hy 
enormous expansion, cooling the steam till 
it i::; all 
ondenseù into watcr and till aU 
the heat is even taken out of that water, 
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but this he shows to be impracticable; I cannqt be snrpaBfled are very restricted. bn- 
the other method . is to use part of the agine that one speaks ne
r a "!oòiú. plate, jlexible 
power of the enCTine to pump back the dis- enough n?t to lose any oJ the vzlJratwns p1'Odllc(d 
b ... by the V01.ce,. that this plate establishes and inter- 
charged steam, cO
1Ìalllmg as It docs some '1'upl8 successh'ely the communication with a bat- 
waler condensed from the steam, into the tery. You u10u[(l be able to hau at a distance 
boiler. This latter method is theoretically a!tOther plate W. hich . would éxecute at tlle same 
practical, and the purely mechanical diffi- tun
 the same nfJ'l'atwns. It is true tlwt the in- 
. If \ . tl . f .t'" r . tensztyof the sounds jJloductd u'ould be 'ul'J'iaUe 
eu ICS Ill. Ie '" ay 0 l:s rea IzatlOn are by at the point of depa'J'tu'J'e, whe'l'e ale plate i8 'Ci- 
no means msuperable. bmted by the voice, and constant at tlte lJoint of 
As the steam in the cy1inder of an en- a'/'rival, where it is vibrated by electricity. But 
gine expands, doin!J u'ork, part of it con- it is demonstrable that this would not alter 
d Th l .a- the sounds. . . . In any case it is impossible to 
euses. e (luerence between the heat- d e monstrate that th I t '. t .. 
f' e ec rlC ranSilllSSlOn of 
ene1'gy of the steam at the beginning of the SOUll
S is 
mp08sib]e. . . . An electric battep-, 
stroke, and that of the steam and water at two vlbratmg platc8, and a metaUic wire, will 
the end of the stroke, is equal to the heat. suffice." 
equivalent of the mechanical work done by 
the steam. The change of mechanical con- 
.ditión which the steam undergoes during 
the stroke-namely, its conversion into 
water-renders it possible that the mingled 
steam and water remaining in the cylinder 
at the end of the stroke may be forced 
back into the boiler with a less expenditure 
of mechanical energy than the steam gave 
out during the stroke. 


Thr Telel)hone alltid})ated.-.As is the 
case with all great inventions, the tele- 
phone is now said to be nothing new; its 
principle was known long ago, and even ex- 
emplified in practice. Many are the claim- 
ants of priority in solving the problem of 
the transmission of articulate sound to great 
distance
, but we know of none whose case is 
stronger than that of" Monsieur Ch. B-," 
who appears to have solved the problem as 
early as 18:>7. In the Count du Moncel's 
"Exposé des Applications de l'Électricité," 
published twenty years ago, occurs the fol- 
lowing passage (translated in l\''alure): 
" After the marvelous telc!!raphs which are 
able to reproduce at a di8tance writing of this 
or that individual, and designs more or less com- 
plicated, it seemed impos8ible. 8aid 1\1. D-, 
to udvance further in the regions of the mar- 
velous. N everthelcs8, e8saying to do something 
more, I asl..ed, for example, if speech itself 
would not be capable of tran8mi8sion by elec- 
tricity; in a word, if one would not be able to 
speak at Yienna and be heard at Paris. The 
thin,!! is practicable. This is how: Sounds, it 
i8 known, are formpd by vibrations and carried 
to the ear by these same vibrations, which are 
reproduced by the intermediate media. But the 
inten!:lity of these vibrations diminishes very 
rapidly with the distance, from which it follow8, 
('ven in the employment of 8peaking-trumpet
, 
tn 1)C8. and of atoustical horns, the limits which 


, 
The Slaves of Ants.-The subjugation of 
other insects by various species of ants is 
a famiJiar fact of natural history; it is less 
usual to see two or more species thus sub- 
jugated. Prof. Leidy, in some remarks 
made at a meeting of the Academy of 
K atural Science of Philadelphia, recounts 
his observations on a colony of yellow ants 
(Formica Jlava), which had three different 
insects in their service, namely, a species 
of Aphis, a Coccus, and the larya of an in- 
sect, probably coleopterous. The aphide
, 
he tells us, were kept in two separate herd
, 
and these were separated from a herd of 
cocci. The larva was in the midst of one 
of the former herds. In another and larger 
colony of yellow ants there was a heed of 
aphides which occupied the under-part of 
one margin of the stone under which the 
ants had their nest; the surface occnpied 
by these aphiùes was a bout ten inches long 
and three-fourths of an inch broad. The 

ame colony also pOC;:5esscd a separate herd 
of cocci, closely crOlrded, and Occup}-in
 al- 
most a square inch of space. ButlI aphides 
and cocci, with few exceptions, adhered to 
the under-surface of the stone, and were 
not attached to the roots. They appeared 
to be carefulIy attended by the ants, which 
surrounded them. The larva, too, was care- 
fully attended by the ants, "hich were fre- 
quently observed to stroke it with their 
antennæ. The aphides and cocci were an 
in good condition, but without yisible means 
of subsi8-tence, excepting the neighboring 
grass-roots partially extending into the 
earth beneath the stones, to which they 
probahly were at times transferred hy th
ir 
masters. 
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Obitnary.-'Ye have to record the death 
of the astronomer Leverrier, which took 
placc at Paris on September 23d. Leverrier 
"as born in 1811. Early in life he evinced 
great aptitude for chemical research, but 
his natural bent lay rather in the direction 
of the mathematical sciences. On b
ing 
appointed to a position in the Polytechnic 

chool, he devoted himself with great ardor 
to tbe study of the grcat problems of specu- 
lative astronomy, and soon earned high dis- 
tinction by sundry memoirs. He was elected 
mem bel' of the Paris Academy of Sciences 
in 1846, and during the same year he made 
the great astronomical discoycry of his life 
-that of the planet Neptune. In 1849 he 
entered political life as a deputy in the 
Legislative Assembly; under the Empire he 
was a senator, and for some time Inspector- 
General of Public Instruction. In 1853 he 
was appointed Director of the Paris Obser- 
vatory, and so continued till 1870, whcn be 
resigned. He was reappointed in 1872, and 
held tbe position till his death. That sad 
event was no douht hastened by the effect:; 
of mental mrerwork in his search for an 
intra-lIercurial planet. 


THE death is announced of J. P. Gassiot, 
F. R. 8., in the eightieth year of his age. 
)Ir. G;1
siot was a merchant of London, but 
de\oted his leisure to scientific research. 
In 1838 he was an active membcr of an 
dectrical society, and foJ' the remainder of 
his life devoted himself specially to the 
study of electrical phenomena. He was the 
author of several papers contributed to the 
"Philosophical Transactions" of the Royal 
Society of London. lIe was a munificent 
patron of science, and a helper of scientific 
men. 


Britislt 1ssociation PaI){'rs.-In his pres- 
idential adùress in Section D of the British 
Association, Dr. J. Gwyn J efft'eys vehe- 
mently attacked the doctrine of evolution, 
which he declared to be simply a "product 
of imagination. . . . I cannot," he said, 
" identify a single fo:pecies of the Cretaceous 
Mollusca as now living or recent. 
\ll of 
them are evidently tropical forms. This 
question of identity depend
, however, on 
the capability of hereditary persi:;:teuce 
which some 
pccies possess; amI althou
h 
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a certain degree of modification may be 
caused by an alteration of conditions in the 
course of incalculable ages, our knowledge 
is not sufficient to enable u
 to do more 
than vaguely speculate, and surely not to 
take for granted the transmutation of species. 
\\T e have no proof of anything of the kind. 
Deyolution .01' succession appears to be dle 
law of Xature; evolution (in its modern in- 
terpretation) may he regarded as the pro.1- 
uct of human imagination. I am not a be- 
liever in tbe fixity of species, nor in their 
periodical extinction and replacement by 
other specie::;. The notorious imperfection 
of the geological record ought to warn us 
against such hasty theorization. "
e can- 
not conceive the extent of this imperfection. 
Not merely are our means of geological in- 
formation restricted to tbose outer layers 
of the earth which are within our sight, 
but nearly three-fourths of its surface is in- 
accessible to us, so long as it is covered by 
the sea. 'Y cre this not thc case we might 
have some chance of di::icovering a few of 
the missing links which would connect the 
former with the existing fanna and flora. 
It is impossible eyen to guess ,,-bat strata 
underlie the bottom of the oce
n, or where 
the latter attained its present position rela- 
tiyC]y to that of the land. The materials of 
tbe sea-bed have been used over and over 
again in the formation of the earth's crust, 
and the future history of our globe will to 
the end of time repeat the past." 



hss A. ,Yo BUCKLAXD, in a paper on 
"The Stimulants of Ancient and 
Iodern 
Savages," said that the use of stimulants is 
almost universal. Among the lowest races 
the form of stimulant employed is now, 
as in ages past, SOlne sort of root or leaf 
chewed for its strcllgtbf'lling and invigorat- 
ing properties, sueh as the pitberry, recent- 
ly discover('fl in u
e among nationg in Cen- 
tral Australia, and the coca-leaf among the 
Indians of South .America; but no sooner 
diù the nations advance to the ap:ricuJtural 
f:ta
e than they began to malíc fermented 
drinks from the roots of grains cultivated 
for food. Hence the beer of Eg-ypt, which 
prohably found its way with tl1e wheat and 
barley of that land to the Swi
s lake.dwell- 
in::rs, and over a great part of Europe, hav. 
ing been evidently known in Greece and 
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Rome at a very early period. while a similar the shifting of the axis to take place near 
liquor' still forms the chief beverage of all this line. 
African nations, being now, as formerly in 
Egypt, ferm
nted by means of plants. In Simnltant'ons Contrast of Colors.-An 
China and Japan rice was and is uscù to incident in the life of Henry IV. of France 
make wine or beer instead of wheat or bar- finds its explanation in an experiment made 
ley or American maize. The sour milk or by Chevreu!. 'Vhi1e yet Prince of N' avarre, 
koumiss of the pastoral tribes ùf Central Henry IV. was playing dice with two conr- 
Asia, and the mead of the ancient Scandi- tiers a few days before the massacre of St.- 
naxians, both reappear among the Kaffirs Bartholomew's-day. They saw, or thought 
of South Africa. Palm-wine is used wher- they saw, on the dice spots of blood; and 
e,.er palms flourish, but wine of the juice the party broke up in alarm. The phenom- 
of the grape, although known in very ancient enon is explained by Chevreul by the l
 
times, seems to have been confined to the of simultaneous contrast of colors, and he 
civilized races of 'Vestern Asia and Egypt, illustrates this by experiment as follows: 
extending later to Greece and Rome. The Seat yoursJlf in a room so as to receive on 
multitude of wines described by Pliny were, the right side tbe sun's rays at an angle of 
however, in almo::;t all case::! flavored with 20 0 to 25 0 , the left eye being cloRed. On a 
herbs or garden-plants for medicinal pur- tahle covered with gray paper' and under 
poses. The conclusions to be draw
 from I diffuse light place two hen'::;-featbers, one 
the history of fermented beverages, as re- black and the other white, distant 0.6 
corded by travelers, are, that the earliest to 0.8 metre from the eye. After about 
stimulants were simply leaves and roots two minutes, with the right eye in the sun's 
chosen by animal instinct, chewed, and beams, the dark feather appears red and 
found by experience to produce exhilara- tbe white one emerald-green. After a few 
tion and strength. The art of distillation, seconds the black feather of red color 
though probably known early in the Chris- seems edged with green and tl1e wbite 
tian era, is comparatively modern, and was feather seems of a rosy color. K ow close 
certainly unknown to savage races until the right eye and open the left. The black 
U fire-water" was introduced, to their serious ff'ather will be black and the white one 
detriment, by Europeans. white. The effect is evidently due to inso- 
lation: the black feather appears red be- 
cause it reflects much less light than the 
white feather. From the law of simultane- 
ous contrast of colors, the insolated eye 
seeing the green by white light, the ùlack 
feather must appear of the complementary 
color of green, which is red. 


I
 a paper on the" Shifting of the Earth's 
Axis," )11'. A. 'V. "Taters pointed out how 
the unequal distribution of land and sea 
might be an agent for preventing the move- 
ments of elevation and depression of the 
land in one part of the globe balancing 
those in another, and also showed how simi- 
lar movements in various localities would I 
differently affect the pole. Any movement, 
such as submarine elevation, which dis- 
places water, would spread it over the 
oceanic al'ea; and the effect of this would, 
with th
 present configuration, be the same 
as if ahout one-twelfth of the weight had 
heen added in the northern hemisphere along 
east longitude 45 0 44', namely, in a line pass- 
ing by the entrance of the 'Yhite Sea, over 
the Cauca
us, and througb the middle of 
Madagascar. As every submarine mòve- 
ment would create a force acting in this 
direction, there seems reasonable 
round 
for thinking that the tendency would be for 


Constitntion of the N'ebnlæ.-:Ur. E. J. 
Stone, in a paper read before the Royal So- 
ciety, London, attempts to reconcile Hug- 
gins's discovery ofbl'ight lines in the spectra 
of nebulæ with the old view that nebulæ are 
irresolvable stellar clusters. The sun, he 
remarks, is known to be surrounded by a 
gaseous envelope of very considerable ex- 
tent. SimiJar cnvelopes must surround the 
stars {!enerally. E3ch star, if isolated, 
would be surrounded with its own gaseous 
envelope. These gaseous envelopes might, 
in the case of a clùster, form over the 
whole, or a part, of the cluster a continuous 
mass of ga
. So long as such a cluster was 
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within a certain distance from us, the ligbt 
from the stelJar masses would predominate 
on'r that of the gaseous envelope. The 
spectrum would, therefore, be an ordinary 
stellar spectrum. Suppose such a cluster 
to be removed farther and farther from us, 
the light from each star would be diminished 
in proportion of the inverse square of tbe 
distance; but such would Dot be the case 
with the light from the enveloping surface 
formed by the gaseous envelopes. The light 
from this envelope received on a slit in the fo- 
cus of an object-glass would be sensibly con- 
stant because the contributing area. would 
be increased in the same proportion that the 
light from each part is diminished. The 
result would be that, at some definite dis- 
tance, and all greater distances, the prepon- 
derating light received from such a cluster 
would be derived from the gaseous enve- 
lopes and not from the isolated stellar 
masses. The spectrum of the cluster 
would, therefore, become a linear one, 1ike 
that from the gaseous surroundings of our 
own sun. 
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the power of flying because it does Dot pos- 
sess the necessary strength to be converted 
into muscular action, and that this strength 
returns to its system because in sugar it 
finds the necessary ,ital support." 


Singing - Flumes and Inaudible libra- 
tions.-" Singing-flames "'are known to be 
sensitive to the faintest sounùs, provided 
the rate of vibration of the latter is suffi- 
ciently high. But are they equally scn
i- 
ble to vibrations that are so rapid as to 
be inaudible? This questian has been 
studied by Prof. \V. F. Barrett, and the 
results of his experiments, as stated by 
him in a communication to J.Vature, will 
be read with intérest. Pro!: Barrett em- 
ployed a flame produced by coal-gas con- 
tained in a holder unùer a pl'essure of 
ten inches of water, find issuing fl'om a 
steatite jet ha'Ting a circular orifice of 0.04 
inch diameter; the height of the flame when 
undisturbed was just two feet, but it fell to 
seven inches under the feeblest hiss or the 
clink of two coins. On sounding the low- 
est note of a U Galton whistle," little effect 
Duration of tIIe Flight of Bees.-To de- was produced on the flame; a Shl'iU dog- 
termine the length of time that bees can con- whistle produced a slight forking, but that 
tinueto fly about, Dönhofftook some of those was all. Raising the pitch of the Galton 
insect:=; from a hive,just as they came out of whistle, the flame became more anù more 
the entt'ance-hole, and placed them under a agitated, until when Prof. Barrett had near- 
glass bell at a temperature of 66 0 Fabr. Iy reached the upper limit of audibility of 
First they ran hastily up and down the the left ear, and had gone quite beyond the 
siùes of the glass, and flew about in the limit of the right, the flame was still more 
jar. Their movements grew gradually slow- violently agitated. Raising the pitch still 
er, and after forty-five minutes they all sat higher, till he bad quite ceaf-;ed to hear any 
quietly togcther, or moved very slowly and sound, he was astonished to observe the 
clumsily, and were unable to fly. On being profound effect produced on the flame. ..U 
allowed to cm wI upon a pendl, and then every inaudible puff of the whistle it would 
thrown off, they fell ùown perpendicularly fall fully sixteen inches, and give its char- 
without moving their wings. On killing one acteristic roar, at the same time losing its 
or two, the boney-bags were found to be luminosity, anll, when viewed in a revolving 
empty. The author then fed the others mirror, presenting a multitude of ragged irn- 
with a sugar solution, and after three or a
es, with torn sides and flickf'ring tongues. 
four minutes threw some of them into the I Nor was this effect sensibly diminished by 
air. They were now able to use their wings I a distance of some twenty feet from the 
a little. A minute or two later they ap- flame; eve-n at fifty feet the effect was very 
peared to be as lively as ever. The author pronounced. 
remarks that if the temperature is under I 
66 0 Falu'. the bees lose t11e power of flying Fnnttions of tile Crfrbrllnm.-The re- 
eVf'll sponer, and recover it more slowly. searches and experiment
 of Flourens Imve 
\Yith higher temperatures the power re- been consider{'d conclusive as to the co- 
turns sooner. Dönhoff's concluto:ion from ordinative function of the cerebellum in 
these observations is that the bee "loses animal movements. That eminent physiol- 
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ogist removed the cerebellum from pigeons 
in successive slices, and found that, on cut- 
ting away the superficial layers of the organ, 
there appeareù only a slight feebleness and 
want of harmony in the movements; but 
that when the deepest layers were removed 
the animal lost completely the power of 
,stanùing, walking, leaping, or flying. Y oli- 
tiOll and sensation l'emained; the power of 
executing movements remained; but the 
power of coördinating those movements 
into regular and combined actions was lost. 
Flourens's experiments have been again and 
agaill repeated, always with the same re- 
sults. But llOW the subject has been in- 
vestigated anew by Ovsiannikoff, whose 
conclu::;ion is that, even though the entire 
cerebellum be cut out, the faculty of coör- 
dillation still remains. In one of his ex- 
periment=, a raùbit rcm
lined alive during 
two \\ hole weeks after an the upper half of 
the cerebellum was cut out, nor did it lose 
its faculty of coürùinating its movements af- 
ter all the cerebellum was cut out until an 
effusion of blood produced this result. 


Apl)Caranre and Habits of the Andaman 
l:slanders.-The natives of the Andaman Isl- 
ands are df'scribed by Surgeon-Major Hod. 
del', of the British Ârmy, as not exactly pre- 
possessing in appearance, though not de- 
formed and hideous, as has been stated. 
In hei
ht t1H'Y vary from four feet nine 
inches to five feet one inch; they are ex- 
tremely Llack, more so than the Afdcan 
negro, and some of them have h a dull, 
leaden hue, like that of a black-leaded 
stove." They are .fond of dancing, have 
a strong sense of the ridiculous, are exceed- 
in
!'ly pas
ionate, are easily aroused by tri- 
ftC's, and then "their appearance becomes 
diaholica1." The men go entirely naked, 
and the women nearly so. They COTer their 
bodies with red earth, and, as ornaments, 
wear strings of their ancestors' bones round 
their neeks, or a skull slung in a basket 
over their shoulders. They are tattooed 
a11 over their bodies; their heads are shav- 
en, with the exception of a narrow streak 
from the crown to the nape of the neck. 
They rarely haTe eyebrows, beard, mus- 
tache, whisl{er
, or eyelashes. They are 
very fond of liquor and smoking; are 
short.lived and not healthy, not many pass- 


ing forty years of age. Their language 
consists of few words, harsh and explosive, 
and chiefly monosyllabic. Almo
t their 
only amusement is dancing to a monoto- 
nous chant and the mu:sic of a rough skin 
drum, played by stamping with the f('et.. 
Their courbhip and marriage usages are 
very simple. The male eanùidate for matri- 
mony cats a sort of ray-fish, '" hith gives 
him the appellation of U goo-ruo "-bachelor 
desirous of marrying. The malTiageable 
girls wear a certain kind of flower. The 
ceremony con
ists in the pair about to be 
married sitting down, apart from tbe other's, 
and staring at one anothel' in silence; tow- 
ard eTenink the girl's father or guardian 
joins the hands of the pair; they then re- 
tire, and live alone in the jungle for some 
days. The only manufactures of the island- 
ers are canoes, bows, 3.ITOWS, Epcars, and 
nEts. Of late years "homes" have been 
establi::-:hed for the Andamanese, consisting 
of large bamboo sheds, in "hich those who 
come in from the jungle put up, coming and 
going at will. They seem, however, to pre- 
fer the jungle, and the attempts made to 
cultivate their acquaintance do not appear 
to have been very successful. 


The Antient Ruins (}f ('oJorado.-A cor- 
respondent of the 'Yorcester Spy writes as 
follows of certain highly interesting dis- 
coveries recently made by the Geographical 
and Geological Survey of the Territories 
conducted by Dr. Hayden: 
" Prof. Hayden has given Southwestern 
Colorado a new interest, by discovering and 
describing the ancient ruins in that section 
and in Southeastern Utah. The ferHle val- 
ley of the Animas was ùem:ely inhabited and 
highly cultivated by an enlightened race of 
people centuries ago. The ruins of the 
houses, corral
, towns, fortifications, ditches, 
pottery-ware, dra" ings, non - interpretable 
writings, etc., show that mauy arts were 
culth-ated by theEe prehistoric people which 
are now entirely lost. Their houses were 
built of almost every kind of stone, from 
sman bowlders to the finest sandstone. 
" The finest of these ruin
, and the near- 
est perfect, are situated about thirty-five 
miles below Animas City, in a large Talley 
fift('cn miles l0I1g by seven wide, on the 
wcst side of the rh-cr. TIJi8 Talley has 
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been covered with buildings of every size, 
the 1\\"0 largest being 300 by 6,000 feet, 
and about 300 feet apart. They are built 
of small blocks of sand
tone, laid in adobe 
mud, the out:õ;ide walls being four feet and 
the inside wans from a foot and a half to 
three feet thick. In the lower story are 
found port-holes a foot square. There are 
rooms now left, and walls for about four 
stories high arc still standing. About the 
second story, on the west side, there was 
once a balcony along the length of the 
building. No signs of a door are visible in 
the outer wans, and the ingress must have 
been from the top, in the inside there being 
passages from room to room. 
Iost of them 
are sman, from eight by ten to twelve by 
fourteen feet, the doors being two by four 
feet. The arcllf's over the doors and port- 
holes are made of small cedar poles two 
inches wide, placed aCl'oss, on which the 
masonry is placed. The sleepers support- 
ing the floors are of cedar, about eight 
inches thick, and from twenty to fifty feet 
long, and about three feet apart. A layer 
of small round poles was placed across 
the sleepers, then a layer of thinly-split 
cedar sticks, then about three inches of 
earth, then a layer of cedar-bark, then 
another layer of dirt, then a carpet of some 
kind of coarse grass. The rooms that have 
been protected from exposure are white- 
washeù, and the walls are ornamented with 
drawings and writings. In one of these 
rooms the impression of a hand dipped in 
whitewash, on a joist, is as plain as if it 
had been done only yesterday. In another 
room there are drawings of tarantulas, cen- 
tipedes, horses, and men. 
U In some of the rooms have been found 
human bones, bones of sheep, corn-cobs, 
goods, raw-hides, and all colors and varie- 
ties 'of pottery - ware. These two large 
buildings arc exactly the same in every re- 
spect. Portions of the buildings plainly 
show that they were destroyed by fire, the 
timbers being burned off and the roofs 
caved in, leaving the lower rooms entirely 
protected. The rock that these buildings 
were built of must have been brought a 
long way, as nothing to compare with it 
can be found within a radius of twenty 
miles. .An the timber used is cedar, and 
has been brought at least twenty-five miles. 
Old ditchc
 and roads are to be seen in 
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every direction. The Xavajo Indians say, 
in regard to these ruins, that their fore- 
fathers came there five old men's ages ago 
(500 years), and that these ruins were here 
, 
and the same then as now, and there is no 
record whatever of their origin." 


PoUt1tal Eronomy in Law-Srhcols.-:ll. 
"r addington, tbe French :llinister of l>ublic 
Instruction, has issued a dccree making the 
study of po1itical economy one of the sub- 
jects of examination for thc degree of licen- 
tiate in all tbe schools of law. The innova- 
tion does not seem to give unmixed satis- 
faction to the French lawyers, who have at 
all times treated this science with contempt. 
The basis of the teaching of law, says their 
organ, i::; the text of the law; I)olit:cal 
economy is no branch of the law-it has 
no texts-it is not positive science-and i3 
at most a conjectural art, or kind of litera- 
ture, less amusing than other:); and to re- 
quire that men desiring to bccome magis- 
trates and advocates should pa:,s au exam- 
ination in the tbeories of )'Ialthus, Aùam 
Smith, and Say, is absurd. The claims of 
economic science will, of course, find plenty 
of defenders; and indeed it would appear, 
in view of the complications and contentions 
which have arisen from the pending nego- 
tiation of a commercial treaty between 
France and England, that it might be well 
to have a knowledge of economic principles 
made imperative somewhere. 


A New RemeJy for 'Wakefnlncss.-To 
those whose brains will Jlot subside when 
the time for rest has arrived, Dr. John L. 
Cook, of Henderson, Kentucky, proposes a 
very simple method of securing prompt and 
refreshing sleep without the aid of drug
. 
'Vhen the mind is active, the circulation in 
the brain is correspomlinpJy actiyc; we 
breathe more freql1ently, and the movements 
of the heart arc more rapid and vigorous. 
On the other hand, when the mind is at rest, 
as in healthy sleep, the cireulation in the 
brain is notably dimini
hcd, the heart-beats 
are less rapid and forcible, mid the hreath- 
ing is perceptibly slower. In the wakeful 
state the mind, as a rule, is intt'nscly occu- 
pied, whence. we may infcr an increased 
amount of blood in the brain. Dr. Cook's 
sugge
tion is to withòraw a portion of this 
from the head, or lower the hrain-circula- 
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tion, by taking deep and slow inspirations- 
say twelve or fifteen a minute. By this 
means the action of the heart will become 
slower and feebler, less blood is thrown into 
the brain, and yel'y soon a quiet feeling, 
ending in sleep, is induced. As by a slight 
effort of the will anyone may try this, we 
leave the question of its value to the test 
of actual experiment. 


A New OJ)tital Experiment.-:llr. Wil- 
liam Terrill offers in J..Yature a new lecture- 
experiment for proying the compound na- 
ture of white light. This method is to ar- 
range seven lantems so as to project their 
several circles of light side by side on a 
wbite screen, then to color each circle by 
introducing 
liùes of glass stained to imi- 
tate the seven colors of the spectrum (the 
proper intensity of color being found by 
trial); in this way are produced seven cir. 
cles on the screen, colored from red to vio. 
let, and arranged 
iùe by side. Then by 
turning the se,'eral lanterns, so that the pro. 
jected circles exactly overlap each other, 
one circle of white light is obtained, prov. 
ing that tbe seven colors together make 
white light. The same effect can be pro. 
duced "ith five colors only, if properly se. 
lected; and even two, the ordinary coba1t- 
blue and deep orang<', will nearly do. If 
these two be made to partially overlap, the 
effect is very striking. 


Dalliuger's Stndies of lUillnte Animal 
IOJ'ms.-The Rev. ,Yo H. DaUinger, \\ hose 
resea-rches into the origin and development 
of minute life-forms have earned for him a 
distinguished plac<, in the world of science, 
in a communication to the Royal Institution 
of Great Britain, p-iyes a brief historical 
sketch of his labors in this field. Ten 
years ago )11'. Dallinger determined to work 
out, by actual microscopic observation, the 
life-history of some of the lowly and minute 
organisms which occur in putrid infusions. 
After four years of preparation, he com. 
meneed his work in conjunction with Dr. 
Drysdale, the plan nceding two observers. 
Each set of observations was made con- 
tinuous, 80 that nothing should have to 
be inferred. Y cry high pow-ers were em- 
ployed, and the lm'ge:;.t adult objects ex- 
amined were Tõ
ïõ of an inch, the smuJIest 


4Ü
-O' Six forms altogether were selected, 
and their whole history was worked out. 
At first it was supposed that reproduction 
by fission was tùe usual method, but pro- 
longed research shon eù tbat spores were 
produced. These were FO small that a 
magnifJing power of 5,000 diameters was 
needed to see them as they began to grow. 
The glairy fluid from which they developed 

eemed at first homogeneous, and it was 
only when growth set in that the spores 
became visible. All tbat could be learned 
about the origin of the glairy fluid was, t1:
t 
a monad larger than usual, and with a gran- 
ulated a
l)ect towa
d the fla
enate end, 
would seIze on one III the orùmary condi- 
tion; the two would swim about together till 
the larger absorbed the smaller, and the two 
were fused together. A motionless spheroid- 
al glossy speck was then all that could be 
seen. This speck was found to be a sac, 
and, after remaining still from ten to thirty- 
six hours, it burst, and the glairy fluid 
flowed out. Tbe young spores that came 
into view in this were watched through to 
the adult condition. Bearing on the sub. 
ject of spontaneous generation, tllis fact 
was learned, that, while a temperature of 
140 0 Fahr. was sufficient to cause the death 
of adults, the spores were able to grow even 
after having been heated to 300 0 Fabr. for 
ten minutes. That there is no such tbing 
as spontaneous generation of monads seems 
to Mr. DaUin
er quite clear; and he is 
at- 
isfied that, when bacteria are studied after 
the same manner, the same law will be 
found to hold good with theIù. 


Inflnenre of the Environment.-As a 
striking instance of the tran
formation ef- 
fected in a race by changed conùitions of 
life, Das Ausland quotes, from Kbanikoff'to: 
":Mcmoir on the Ethnography of Persia," 
some observations on a colony of 'Yürtem. 
bergers which in 1816 settled in the trans- 
Caucasus country, near Tiflis. The original 
colonists, we are informed, were" singularly 
ugl}'," with broað, square countenances, 
blond or red hair, and blue eJe
. The sec- 
ond generation showed some improvement; 
black hair and black eyes were no longer 
rare. The third generation was so entirely 
altered that their 'Vürtemberg de
cent was 
no longer visible, for now black hair and 
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black eyes were the rule, the face had 
gained in length, and the bodily habit, 
while nothing was lost in point of stature, 
was more slender and graceful. Äs the 
chastity of the women is not to be disputed, 
and as the ('oloni
ts intermarry only among 
them::;elves-Khanikoff found only one case 
of a 'Vürtemberger marrying a Georgian 
woman-the change in the race-characters 
can be attributed only to the influence of 
cnvil'onm
nt. 


Extirpation of Injurious Inseds.-A 
special meeting of the London Society of 
Arts was held a few weeks ago, to discuss 
mea
ures for the extirpation of injurious 
insect::;. The paper for the occasion was 
by Andrew 
lurray, F. L. S., who advocated 
government interference as being indispen- 
sably necessary in the war against insect 
pests. He spoke of three principal modes 
of counteracting the ravages of insects, the 
first being county or district rotation of 
cropping. 
Iost vegetable-feeding insects 
subsist on one lrind of plant, as wheat, rye, 
potatoes, etc., and, if we take away their 
special pabulum, the race dies out. This 
we do by rotation of crops. The next 
means of extirpation recommended by Mr. 
Murray was burning the nidus in which 
the insect, in whatever stage, passes tlle 
winter; or u
ing some substance, as Paris- 
green, hellebore, etc. There remains the 
last refuge of all invaded countries, namely, 
destroying the resources of the country be- 
fore the illvadel's, so that they may perish 
for the want of food. This, :Mr. Murray 
said, can rarely be necessary, but it would 
be, he thought, the proper course to foUow, 
should the Colorado beetle gain a footing 
in England. The larvæ of the beetle would 
probably first appear in some potato-field 
near Cork, or Londonderry, Liverpool, or 
Glasgow; the instant thi5! is perceived, the 
vines of the potatoes should be cut to tbe 
ground, and Paris-green scattered over the 
field. 


Rerent ObsN'vntion
 of Stòmadl-Dlgrs- 
tion.-..:\. man in Paris, having an imperme- 
able stricture of the gullet, was sayed, by 
the operation of gastrotomy, from death by 
starvation. The patient's gullet is so com- 
pletdy blocked that when a small quantity 
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of pota
sium ferrocyanide in solution is 
swallowed, no trace of the f:alt can be de- 
tected in the stomach; hence the gastric 
juice IS aùsolutely free from any admixture 
of saliva. The fooù is reduceù to a pulp 
and injected by a s)Tinge into the artificial 
opening in the abdominal wall; it remains 
in the stomach for three or four hours; when 
milk is introduced, it disappears in from one 
and a half to two bours. The chyme docs not 
pass gradually, as is commonly su p posed, into 
the small intestine: during the first three 
hours after its introduction into the stomach 
its volumt does not appear to dimiDi
h; then 
within about fifteen minutes, the entire mass 
is driven through the pyloric orifice. ...\.1 
the end of four hours the stomach is near- 
ly always empty, but hunger does not begin 
to be felt tm two hours later. The mean 
acidity of the gastric juice, whether pure 
or mixed with food, is equivalent to about 
1. 7 grain of hydrochloric acid per 1,000, 
never falling below 0.5, or rising above 3.2 
grammes. The quantity of liquid present 
does not seem to exert any influence on the 
degree of its acidity, which is augmented 
by wine and alcohol, and less
med by cal1e- 
sugar. The gastric jui,ee is more acid while 
digestion is going on than during the inter- 
,"als of the process; its acidity seems always 
to be increased as digestion is drawing to a 
close. 


Contents of a l"tah IUonnd.-In the vi- 
cinity of Payson, "Gtab Territory, are six 
mounds, covering a total area of about 
twenty acres of ground. One of these 
moumls was opened last year, alld the dis- 
coverif's then made are recorded in a letter 
published in the EU1'el
l
 (Nevada) Sentinel. 
First a skeleton of a man was found, which 
measured six feet six ir.cheR in length. 
In the right hand was a llUge iron weapon, 
but this crumbled to pieces in handling. 
There was alRo found a stone pipe, the stem 
of which was inserted between the teeth of 
the skeleton. Near hy was found another 
skeleton, not quite so large, supposed to be 
that of a woman. "Close b)"," writes the 
correspondent. of the Bentiud, "the floor 
was covered with a hard cement, to all ap- 
pearances a part of the solid rock, which, 
after patient labor and e:xhausti,e work, we 
sun'eeded in penetrating, and found it was 



124- 


THE POPULAR SGIEJ.VCE .llIO
VTHLJ:"'. 


but the coruer of a box similarly construct- 
eù, in which we found about thl'ee pints 
of wheat-kernels, most of which ùissolyed 
when brought in contact with the light and 
air. A few of the kernels founù in the cen- 
(re of the heap looked bright, and retained 
their freshness on being exposed. These 
were carefuUy preserved, and last spring 
planted and grew nicely, though thè field-in- 
sects seemed determined to devour it. 'Ye 
raised four and a balfpounds of heads from 
these fe\," grains. The wheat is unlike any 
other raised in this country, and produces 
a large yield. It is of the club varietJ- 
the heads are very long, and hold yery 
large grains. . . . "
e find houses in all the 
mounds," he continues, " tbe rooms of which 
are as perfect as the day they were built. 
All tbe apartments are nicely plastered, 
some in white, others in a red COlO1'; crock- 
ery-ware, cooking-utf'nsi1s, vases-many of 
a pattern similar to the pre::;ent age-are 
also found. rpon one large stone jug or 
"'ase can be traced a perfect delineation of 
the mountains near here for a distance of 
twenty miles. "r e have found several miH- 
stones, used in grinding corn, and plenty of 
charred corn-cobs, with kernels not unlike 
what we know as yellow dent-corn. 'Ve 
judge from our observations tbat these an- 
cient dwellers of our country followed agri- 
culture for a livelihood, and had many of 
the arts and sciences known to us, as we 
found moulds made of clay for the casting 
of different implements, needles made of 
deer-borns, and lasts made of stone, and 
which were in good shape. 'Ve also find 
many trinkets, snch as white stone beads 
and marbles; also small squares of polished 
stones, resembling dominos." 


Contact with water at a high temperature, 
and under great pressure, brought about by 
the upheayal or disruption of any of the 
overlying sedimentary strata, "ould result 
in the formation of metal1ic oxidc
 and sat- 
urated hydro-carbons. The latter, permeat- 
ing the porous sandstones of higher levels, 
condense there, or, by undergüing further 
change, become the marsh-gas of the" gas- 
wells," or are conveIted into unsaturated 
hydro-carbons. The invariable aSEociation 
of salt-water with mineral oil is not witl:out 
its bearing on this interesting question. .If 
the view recently advanced by Steenstrup 
that the c1frious metallic masses db:covered 
by Nordenskjöld in Greenland, and generaì1y 
held to be meteoric iroll, be correct, and they 
are erupted matter and not of cosmical ori. 
gin, their composition, which analysis has 
shown to be in a considerable degree carbide 
of iron, approaches nearly that of the ma- 
terial assumed by Mendelejeff as the source 
of the oil. 


A Low 31ammaIian Brain.-At a meeting 
of the American Philosophical Society, as we 
learn from The American .1..Yalu}"alist, Prof. 
Cope exhibited a cast of the brain-cavity of 
a species of Coryphodon from K ew )Iexico. 
This, according to Prof. Cope, is the lowest 
and most reptilian type of mammalian brain 
so far discovered, inasmuch a
 the diameter 
of the hemispheres does not exceed that of 
the medulla, which itself is as wide as the 
cerebellum. The latter is small and flat. 
The middle brain is the largest di\-bion, 
much exceeding the hemispheres in si7e, 
being especially protuberant laterally. The 
hemispheres contract anteriorly into the very 
stout peduncles of the olfactory lobe
. 
These c011tinue undivided to an unusual 
The Origin of JIineral OHs.-Mendelejeff, length, and terminate in a large bulbus, 
in a communication to the Russian Chem- which is at first grooved above anù then 
ical Society, questions the current view as bifurcates at the extremity. TIJC length of 
to the origin of mineral oils, namely, that the hemispheres is ï1r that of the cranium', 
they are tbe products of the decomposition and their united bulk ';y that of the hemi- 
of the fossil remains of organisms, and pro- spheres of a tapir of the s
me size. Their 
poses a theory of his own. He calls atten- surface is not convoluted, and there is no 
tion to the pos
ibility of the interior of our I trace of a Sylvian fissure. The region of 
globe containing metallic masses of vast ex- the pons Yaro1ii is very wide and exhibits a 
tent. If iron be the prevailing metal, and continuation of the anterior pyramids. The 
if it occur in combination with cal'bon, we large size of the middle brain and olfactory 
bave the material from which we can con- lobes gives the brain as much the appear- 
ccive the mineral oils to bave been deriyed. ance of that of 3. lizard as of a mammal. 
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The Late Eruption of 
Ianna Loa.-The 
Rev. Titus Coan gives, in the American Jour- 
nal of Science, a vivid d
scription of the 
latest eruption of 
fokua-\Veo.weo, the ter- 
minal crater of :Mauna Loa, Hawaii. The 
eruption commenced between nine and tcn 
in the evening of February 14, 1871, with 
great Rplendor. The summit of the moun- 
tain appeared as though melted, and the 
heavens seemeù on fire. Vast masses of 
illumined steam, like columns of flaming 
gas, were shot upward to a height of 14,000 
to 11,000 feet, and then spread out into a 
great fiery cloud. This continued through 
the night. In the morning the mountain 
was hidden by thick clouds, and the only 
symptoms of volcanic action were an occa- 
sional thud and a smoky atmosphere. Mo- 
kua-weo-weo had enteroo into a state of in- 
activity, but soon" a remarkable bubb1ing 
was seen in the sea about three miles south 
of Kealakekua, and a mile from the shore. 
Approaching the boiling pot, it was fOil nd 
emitting steam, and throwing up pumice 
and light scoria. This boiling," continues 
Mr. Coan, whose communication is datcd 
Hilo, :March 11th, "was active whcn we 
last heard. It is in deep water. On the 
i::;land new fissures have becn opened in the 
palwilwi, which extend up to the higher 
lands, indicating the course of a subterra- 
nean lava-stream, that terminated in a sub- 
marine eruption-a new feature in our mod- 
ern volcanic phenomena. About the time 
of this eruption beneath the sea, a tidal or 
earthquake wave of considerable force was 
observcd along the coast of Kona." 


Extraordinary Uevelopmrnt of the Sense 
of Smell.-Dr. 
Jaudsley, in his" Physiology 
of Mind," noticed el
ewhere, speaking of 
the loss of one sense being followed by a 
notable increase in the function
 of those 
which remain, in consequence of the great- 
er atte.ç.tion given to them, cites the foHow- 
in
 instances as related by Dr. Howe in the 
U ,Forty-third Report of the Massachusetts 
Asylum for the Blind: " Julia Brace, a dcaf 
and blind mute, a pupil of the .American 
Asylum, had a fine physical organization 
awl highly-nervous temperament. In her 
blindne
s and stillness her main occup:ltion 
was thé exercise of her remaining senses 
of smell, touch, and taste, so that through 
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them she might get knowledge of an that 
was going on around her. SmeH, however, 
seemed to be the sense on which she most 
relied. She smelled at everything which 
she could bring within range of the scnse; 
and she came to perceive odors utterly in- 
sensible to other persons. 'Yhen she met 
a person whom she had met. before she in- 
stantly recognized him by the smell of his 
hand or glove. If it were a stranger she 
smelled his hand, and the impression was 
so strong that she coulù recognize him long 
after by again smelling his han d, or evcn 
his glove, if just taken off. She knew all 
her acquaintances by the oùor of their 
hands. She was employed in sorting the 
clothes of the pupils aftcr they came from 
the wash, and could di:3tingui
h those of 
each friend. If half a dozen strangers 
should throw each one his glove into a 
hat, and they were shaken up, she would 
take one glove, smell it, then smcll the 
hand of each person, and unerringly assign 
. each glove to i
::; ownel'. If among the vis- 
itors there were a brother and si:::ter, she 
could pick out the gloves by a similarity of 
smell, but could not distinguish the one 
from the other. This case furnishes a 
strong argument in support of the conject- 
ure that a dog removed to a distant place 
finds its way home by following backward 
a train of smells which he has experienccd. 


1'1r. Boy(l Daw-kius on 
Ins('nm Ref,)J'm. 
-'V riting, in .1Yalltre, of the need of muse- 
um reform, Mr. Boyd Dawkins r()cogni7es 
the existence of a "collecting instinct "-a. 
desire to accumulate whatcver stl'ilws the 
fancy-and this in
tinct he dcclare's to be 
almost univer::;al among mankincI, whatevcr 
their stage of intellectual developmC'nt. The 
colJections which result from this instinct 
bcar the stamp of the individual who makes 
them. Tlwy are "museum units" which, 
like molecules, have a tendency to coalesce 
into bodies of greater or Jess size, and thus 
constitute museum
. The organi7ation of 
the latter is of high or low type, ;c('ording 
as the units keep or 10!'e the !'tamp of the 
individual, and ha"'e been moulfled into one 
living whole, or are dissociate'). They are 
highly organized and valuable if the part
 
are duly suhorrlinated to each other and 
brought into a 1i\"ing' rclation
hip; tl1C'Y are 
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Jowly organized and comparatively worth- 
less if they remain as mere assemblages of 
units placed side by side without organic 
connection and witl10ut a common lifc. .Mr. 
Boyd Dawkins regard
 most of the provin- 
cial museums in England as belonging to 
this lower type. His description of one or 
two of these collections is amusing enough, 
and worthy of being quoted entire; perhaps 
it will apply to some lauded collections to 
be found on this side of the Atlantic. "In 
one instance which occurs to met writes 
Mr. Dawkins, "you see a huge plaster-cast 
of a heathcn divinity surrounded by fossils, 
stuffed crocodiles, minerals, and models of 
various articles, such as Chinese junks. In 
another, a museum unit takes the form of a 
glass case containing a fragment of a human 
skull and a piece of oat-cake, labeled' frag- 
ment of human skull very much like a piece 
of oat-cake.' In a third wax models are ex- 
hibited of a pound weight of veal, pork, 
and mutton-chops, codfish, turnips, potatoes, 
carrots, and parsnips, which must have cost 
the value of the originnls many times ovcr, 
with labels explaining their chemical consti- 
tution, and how much flcsh and fat they 
will make." :Museums of this low type 
" constitute a serious blot on our education- 
al system, since they are worse than uscless 
for purposes of teaching." 


Size of l1Ieditinal Doses.-One of the 
papers read at the last meeting of the 
American J[edical Association was on " The 
Effects of Remedies in Small Doscs." The 
author of this paper, Dr. John :Morris, held 
that-I. The true physiological effect of 
remedies might best be ohtained by the ad- 
ministration of smaU doses freque
tly rc- 
peatcd; 2. That medicines thu
 given are 
cumulative in their operation; 3. That the 
effect of remedies is greatly increased by 
combination, the manner of preparation, 
time and mode of administration, etc.; 4. 
That large rloses of medicine frequënt1y act 
as irritants; that they produce an abnormal 
state of tòe blood, as was evidenced by such 
conditions as narcotism, alcoholism, iodism, 
ergotism, bromidism, etc.; 5. That more 
special attention should be p:iven at the 
bedside to the influence of remedial agents, 
to the end that greater certainty may be 
attained in the prescriptions. 


Denationalizing Sti('I1('('.-Sir C. "
yville 
Thomson having called to his assistance, in 
working up tbe Challcnger collections, a few 
foreign naturalists of eminence, Dr. P. Mar- 
tin Duncan, President of the Geologic.al 
o- 
ciety, gives vent to bis" feel:ngs of disap- 
pointmcnt" in a lettcr to Sir 'V yvilIe, anù 
asserts that U a very large section" of Briti
h 
naturalists are in like manner pained by the 
way in which English workers have been 
passed over. Sir "TJ'dlIe Thomson makes 
a dignified reply, in which he states t]:at his 
enùeavor had been to selcct first those who 
. 
were generally regarded as authorities in 
special branches; and, second, those who 
could do trte work assigned them within the 
allotted time. "7here Englh:hmen fulfilled 
these conditions, Engli::;lllnen were chosen, 
because in that way a good deal of l'i:-,k was 
avoided, ill sending portions of the collec- 
tions abroad. "Except for this considera- 
tion" (i. e., that of avoiding risk of losing 
collections), writes Sir "... )"viJle, "I confess 
I saw and see no objection, but rather the 
revcrse, to making a great work of this 
kind somewhat more catholic." Having 
thus mildly rebuked the rather despicable 
nationalism of Dr. Duncan, Sir 'Yyville gives 
a list of the naturalií'ts employed in the 
work. It contains twenty-two names, all 
of them names of Englishmen, with six ex- 
ceptions. He then begs the pardon of the 
Englishmen (if such there be) more eminent 
than Haeckel, A. Agassiz, Oscar Schmidt, 
Lyman, Gunther, anù Claus, in their respec- 
tivc specialties of Radiolarian
, Echinoidea, 
Sponges, Ophiuridea, Fishes, and Crustacea, 
but whom he has overlooked in favor of 
these foreigners. K otice has been taken 
of Dr. Duncan's letter by some of the most 
eminent scientific men in England, and a 
manifcsto has been published deprecating 
national jcalousies in science. This paper 
has received tbe signatures of Sir J. D. 
Hooker, Prof. Huxley, Dr. ,Yo B. Carpenter, 
:Mr. Darwin, Yr. S1. George 
Iivart, and mßny 
ether representative scientific mcn. l!t
a- 
{w.e, in giving an account of this very un- 
pleasant affair, calls attention to thc catholiç 
spirit manifested by thc directors of the 
t'"nited States Gulf Stream Expedition, who 
di
tributed their materials for dcscription 
among sixtcen naturalists, of whom only 
four were .AmericausA 
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IT has been found by Lechartier and 
Bellamy that zinc is constantly present in 
appreciable quantities in the liver of the 
human 
ub.iect and of many lower animals. 
It al
o 0
CUr8 in hen's-e
gs, in wheat, bar- 
ley, and other grains. These facts are of 
interest for forensic medicine. 
IT i;:; to he hoped that the fonowing lu- 
cid "dil'ections for the formation of the 
letter n" are not a fair sample of the kind 
of in5truction 
iven in public schools 
th roughout the United States: "The letter n 
is one space in height, three spaces in 
width; commence on the ruled line with a 
left curve, ascending one space, joined by 
an upper turn to a slunting straight line, 
descending to the ruled line joined angu- 
larly to a left cunTe, ascending one space, 
. joined by an upper turn to a slanting line, 
descending to the rule joined by a base, 
turn to a right curve ascending one space." 
LAXD that has been flooded by the sea 
is genemlly barren for years afterward. 
AccordinO' to a German cbemist the cause 
of thi
 b
rrenness is the presence of an 
excess of chlorine salts; snch land bas a 
tendency to remain d,unp, and there is a 
formation üf ferrous sulphate, which is 
highly injurious to plants. The land should 
be drained as quickly as possible, sown with 
grass or clover, and allowed to rest. 
La ....Vàtw'e cites the great age of an 
or
n
e-tree in the gardens of th
 Yel'sailles 
Pitlace as an illustration of the longevity of 
that species of plants. This ancient tree, 
known a
 the" Gmnd.Connétable de Fran- 
çois 1.," and al30 as the" Grand-Bourbon," 
has now stood more than four hundred and 
fifty years. It is sprung from some seed 
of the bitter-orange sown in a plant-pot, 
at th-J beginuing of the fifteenth century 
by meanor of Castile, wife of Charles IlL, 
King of 
 avarre. Several plants were 
prod.uced f)'om the same lot of seeds, and 
they were all kept in one box at Pampe- 
luna till 14!)9. In 168-1, more than two 
hundre.l years after being first grown from 
the seed, thest' orang-e-tL'ees were taken to 
V ers
ill(
s. The" GI'and-Connétable" is 
in all pI'obability the olde
t orange-tree in 
e.:.::istence; it is still in a ver.v hC'althy state, 
and does not appear to suffer from tbe ef- 
fects of age. 


TIlE coal of the Placer 
Iountains coal. 
mines in Arizona Territory possesses, ae- 
cording to Pwf. Raymond, the hardnc:;:s, 
specific gravity, fixed earhon, and volatile 
matter, of anthracite; it ignites with diffi- 
culty, but burn::; with intense heat. The 
supply is declared to be "inExhaustible." 


12 7 


A CORRE
PONDEKT of the Bulletin of tlle 
Nuttall Ornithological Club llárrates in that 
journal an instance of the persistency of a 
house-wren in nest-building. The nozzle of 
a pump in daily u::;e was repeatedly found to 
be ob
tructed with sticks, which on investi- 
gation pl'Oved to be nest-building material 
taken in by a wren. One morning the hiI'd 
was allowed to carry Olí its work for two 
hours, and then he had filled the pump 80 
full tbat water could not be obtained until 
a part of the stickS' had been removed. The 
nest was three times destroyed before the 
bird abandoned his work. 


THE belief that fish is speeialJy adapted 
to feed the brain, and that fish-eaters are 
therefore more intellectual than the avera
e, 
does not find much favor with Dr. Beard. 
He says that this" delusion i:; so utterly op- 
posed to chemistry, to physiology, to history, 
and to common observation, that it is very 
naturally almost universalJy ac
epted by the 
American people. It was started," he adds, 
" by the late Prof. Agassiz, who impul:"iveJy, 
and without previous consideration, appar- 
ently, as was his wont at times, made a. 
statement to that effect before a committee 
on fisheries of the Massachusetts Legisla- 
ture. The statement was so novel, f:O one- 
sided, and so untrue, that it spread like the 
blue-glass delusion, and has become the ac- 
cepted creed of the nation." 
ON the question whether hirds hiber- 
nate, we have received from 
Ir. L. S. Ab- 
bott, of Reading, :Michigan, a communication 
in which he states an observation made by 
himself, which goes to show that at least 
some birds do hibernate. 'Vhile Ii ving in the 
backwoods of Ohio, our correspondent often 
noticed the swallows toward evening cir- 
cling around the top of a sycamore-tree, in 
the hollow of which they would f:oon dis- 
appear. To determine whether the lJirds 
remained within the tree during the winter, 
Mr. Abbott had the tree cut do,,
n 
ome time 
after the beginning of the cold season. The 
swallows were found within, clin
ing to the 
shell of the tree, stiff, motionless, and to all 
appearance in a state of su
pended anima- 
tion. The tree was hollow from the p:round 
up, and the swallows were attached to the 
shell along its whole length. 
A SING"GLAR in
tance of heredity is re- 
corded in a note from M. Martinet to the 
Paris Academy of S('ience
. In] R71 several 
chickens on a farm held bv the author' were 
affected with polydaetyJisn;, Iw.ving a super- 
l1Umerary cIa w. Thi
 lwd been transmitted 
to them" bv a fi,'e-l'Lnved cock rai
ed on 
the same farm a year or two before. The 
t,ype was prop3g
t('d rapidly until in 1873 
an epidemic ravaged t1w pon1tr
'-
'ard. At 
present, without any 
election, thi
 variety 
is very numerous; it has been propagated 
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among neighboring farms through the ex- 
change of eggs by tbe farmers; if nothing 
interrupts it::; progressive increase, it prom- 
ises ere long to be predominant. The pecu- 
liarity was not so perfect at first as it is 
now; the moùification has been going on 
progressively. 
A SQUARE metre of the wall of a surgi- 
cal ward in the Paris Ho:;pitalla Pitié was 
wa::;hed-an operation that had not been 
performed during two years previously- 
and the liquill wrung out of the sponge was 
immediately examined. It contained micro- 
cocci in abundance, some micro-bacteria, 
epithelial cell:;, pus-gJobules, and ovoid bod- 
ies of unknown nature. The sponge used 
was new, and had been wa::;hed in distilled 
water. 
ER
ST HAEBERLEIX, to whom the world 
of science is indeùted for the discon'ry of 
the first Archæopteryx, has now discovered 
another and more perfect specimen of the 
s
me curious reptiI8-like bird. As we learn 
fwm Die .1Yatw', the new Arehæopteryx 
has a head, which was wanting in the first 
individual discovered. Hence the hitherto 
undecided point whetlleI' the animal had 
the head of a bird or of a reptile can now 
oe determined. 


A NORWEGIAN engineer, }feinerk, has 
invented an ice-breaker for keeping far 
northern harbors open through the winter. 
The machine, as briefly de:o:cribed in the 
J/onite1l1' lndustriel Belge, is in form Jike a 
ploughshare, and is driven by two engines. 
Two centrifugal pumps throw a stream of 
water on the fragments of ice as they re- 
treat behiml the Ye5f'el, and drive them back 
into the channel made by the plough. In 

ummeI' the plough may be converted into 
a powerful dredge. 
Ix a case of poisonin
 by colored stock- 
in
s which is recorded in the Lancet, the 
patie
t suffered a 
eyere itching of the feet 
with 
reat pain, "like penknives darting 
into the feet and legs." The cuticle was 
raised in several places on the soles and 
sides of the feet, and there was a discharge 
of fetill pu
. Chemical analysis proverl that 
the stockin
s worn hy the patient had been 
colored with coralline, which is known to 
produce poisonous effects 011 the skin. 
THE following" death-notice" is trans- 
lated 1iterally from a Zurich newspaper: 
"I communicate to all mv friends and 
acquaintances the 
ad news that at 3 P. M. 
to-morrow I shaH incinerate, accordin
 to 
all the ru1f'8 of art, my late mother-in-law, 
who has fallf'n a
lpep with f..'lith in her Lord. 
The funeral-urn will be placed near the fur- 
nace. 
" The profoundly afflicted f:on-in-law, 
" RnAxDoLF-LICHTLER. 
"ZL'"RICII, .A If[Jltst 3d." 


A NEW malady of the grape-vine has 
made its appearance in Switzedand, where 
it has already done considerable damage in 
the "Vineyards. It is known as blanc de III 

Iigne, or white-sickness of the vine, and is 
cansed by tbe development of a mycelium 
which overspreads every part of the di
- 
eased vine. Heccnt researches, Eays La 
jl,TatuJ'e, show that the cause of this infec- 
tion re
ides in the props used for support- 
ing the vines; the germs of the parasite 
find a shelter in the cl'aC'ks of the wood. 
They may be destroyed ùy saturating the 
props with a solution of copper sulphate. 
Ix presenting to 
Ir. ""alter "r eldon the 
Lavoisier mrdal of the French Society tor 
encouraging National Indu
try, Prof. Lamy 
stated that;, at the date of the introduction 
of Mr. 'Yeldon's invention sen'n or eight 
years ago, the total bleaching-pm, del' made 
in the world was only 55,000 tons per an- 
num, whereas now it is over 150,OOU tons; 
and of this fully 90 per cent. is made by 
the \Veldon process. By this process ever)? 
sheet of white paper and eyery yard of calico 

ade in the world have been cbeapenc-ù. 
TnE city of Dunkirk, New Y ork, f10
- 
se8
es a 
licroscopi('al Society wbich, with 
a 
mall membership and very slender }'e- 
sources, has already earned a name in the 
world of science. At a meeting of this so- 
ciety held in the early part of f:ummer, Dr. 
George E. Blackham and Dr. C. P. 
-\1ling 
were reëlected re
pcctiyely president anù 
secretary of the society. 
THE gorilla of the Berlin Aquarium is 
now at the ,y estmiIl
ter Aquarium, Lon- 
don, H on a yisit." His face is ùy Mr. 
Buckland prmlOunced to oe very human, 
but as black flS tOOIlY; the no
e is snub, 
the lips thick and beayy. During slepp, 
as we are informed by )11'. Buckland, "a 
pleasant E\mile every };OW and then Jights 
up the countenance" of the animal. 
PROF. P ARLATORE, the eminent botanist, 
and for some time Director of the :Museum 
of .Katural History at Florence, died sud- 
denly on SundaJ, September Vth. 
A 
EW use has been found for d)'namite, 
in the sIaug-hter-house. Experiments made 
at DudltY, En
land, show that a small quan- 
tity of dynamite-a thimhleful-placed on 
the forehead of an animal and exploded, in- 
stantly causes death. In one experiment, 
two large horses anù a donkey, unfit for 
work" were placed in a line about lmlf a 
yard apart, the donkey heing in the middle. 
A Fmall primer of tl.,"namite, with electric 
fuse attached, was placed on the forehead 
of each, and fastened bJT a strinf! under the 
jaw. The wires were then coupled in cir- 
cuit and attached to the electric machine. 
The three ch3rg-e
 were exploded simulta- 
neou:o:ly, the animal:; falling dead instant]). 
without a sÜ'uggle. 
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TIlE GRO'VTII OF TIlE STEAM-ENGINE.l 


By PROFESSOR R. H. THURSTON, 
OF THE STEVENS INSTITUTE OF TECHNOLOGY. 


II. 
THE STEAM-ENGINE AS A TRAIN OF MECnANIS
I. 


S ECTION III. Tlte Period of .Developn
ent. N R\YCOl\lEN AND 
'V ATT, A. D. 1700 to A. D. 1800.-22. The evident defects of Sa- 
very's engine, its extravagant consumption of fuel, the inconvenient 
necessity of placing it near the bottom of the mine to be drained, and 
of putting in several for successive lifts ,vl)ere the depth ,vas consid- 
erable, and, especially, the risk wl1Ìch its use .with high pressures in- 
volved even in its best form, con8iderably retarded its introduction, 
and it came into use very slowly, notwitl)standing its superiority in 
economic efficiency over horse-power. 
23. The first important step taken to","'ard remedying these de- 
fects ,vas by Thomas N ewcomen and John Cawley, or Caller, two 
mechanics of the town of Dartmouth, Deyonshire, England, .who In"o- 
duced what has been known as the Atmospheric or N ewcomen En- 
gIne. 
Newcomen ,,"'as a blacksmith, and Cawley a glazier and plumber. 
It has been stated that a yisit to Corn,vall, ,vhere they ,vitnessed 
the working of a Savery engine, first turned their attention to the 
subject; but a friend of Savery luts statecl that N ewcomen was as 
early ,vith his general plans as Savery. 
After some discussion ","'ith Cawley, N ewcomen entered into corre- 
spondence with Dr. Hooke, proposing a steam-engine, to consist of a 
J An abstract of "A History of the Growth of the Steam-Engine," to be published 
by D. Appleton & Co. 
YOLo XII.-9 
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steam-cylinder containing a piston sÍJnilar to those of IIuyghens's and 
Papin's engines, and driving a separate jJ1ûnp, siluilar to those gen- 
erally in use where water was raised by horðe or ,vind power. 
Dr. Hooke advised and argueù strongly against their plan; but, 
fortunately, the oùstinate belief of tlle unlearned mechanics ,vas not 


, c 

- 
'

,,=- =.!II---'.
. :--æ 
.I", 
E--- =, 
_
 " ,I 




 
' J 
'"'' 
. ,-- 'iI :'-:
 -- 


FIG. 10. -THE NEWCo)(E
 EXGINE, AS IMPROVED BY SMEATON, 1775. 


overpowered by the disquisitions of tl1eir distinguisl1ed corres})ondent, 
and N ewcomen and Cawley attempted an engine on their peculiar 
plan. 
This succeeded so well as to induce them to continue tl1eir labor
, 
and in 1705 to patent 1-in combination with Savery, who held the 
right of surface conder..sation, and who inrluced them to allow hinl an 
interest with them-an engine combining a steam-cylinder and piston, 
surface condensation, and a separate boiler and separate pumps. 
1 It has been denied that a patent was issued; but there is no doubt that Savery 
claimed and received an interest in the new engine. 
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24. In the atmospheric engine as first designed, the slo"T process 
of condensation by the application of the condensing water to the 
exterior of the cylinder to produce the vacuun1 caused the stroke
 of 
the engine to take place at very long intervals. An improvement 
"Tas, however, soon effected, which imrnensely increased this rapidity 
of condensation. A jet of "Tater was thro"Tn directly iuto the cylin- 
der, thus effecting for the N e,vcomen engine just what Desaguliers 
had previously done for the Sa- 
very engine. As thus irllprO\Ted, 
the K e,vcomen engine is shown 
in Fig. II. 
1Iere d is the boiler. Steam 
passes from it through the cock d, 
and up into the cylinder a, equi- 
librating the pressure of the at- 
mosphere, and allowing the heavy 
pump-rod k to fall, and, by its 
greater weight, acting through the 
hearn i i, to raise the piston s to 
the position shown. 
The cock d being shut, f is 
then opened, and a jet of water 
fr0111 the reservoir g enters tIle 
eylinc1er, producing a vacuum hy 
the condensation of the st.e:1m. 
The pressure of the air above the piston now forces it do,vn, ag
Ìn 
raising the pump-rods, and thus the engine ,vorks on indefinitely. 
The pipe It is used for the purpose of keeping the upper side of 
the piston covered with ,vater, to prevent air-leaks-a device of N ew- 
con1en. 
Two gauge-cocks, c, c, and a safety-valve, 
r, are represented in 
the figure, but it 'will be noticed that the latter is quite different from 
the now usual form. 1lere, the pressure uf'ed "Tas hardly greater than 
that of the atlT1osphere, and the ,vpight of the valye it!'elf was ordina- 
rily sufficient to keep it down. The rod 'In was intended to carry a 
counter-weigl}t ,vhen needed. 
The condensing w'ater, together wit]1 the water of condensation, 
flows off through the OpPll pipe p. N e,vcomen's first engine mrrde six 
or eight strokes a minute; the later and improved engines made ten 
or twelve. 
25. The steam-engine has now assun1ed a fOrIn t1ìat sOll1ewhat re- 
sembles the modern machinc. 
An important defpct stiH existed in tbe necessil y of keeping an 
attendant by the engine to open and shut the cocks. A LJ"ight Loy, 
however, IInmphrey Potter, to ,vhom was nssignt'd this duty on a 
N ewcomen engine in 1713, contrived 'vhat he called a sco{JfJan-a 
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FIG. 11.-NEWCOMEN'S ENGINE, A. D. 1705. 
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catch }'igged ,vith a cord frotH the bean1 overhead-which performed 
the work for him. 
The boy, thus making the operation of the valye-gear antonuttic, 
increased the speed of the engine to fifteen or sixteen strokes 3 min- 
ute, and gave it a regularity and 
certainty of action that could only 
be obtained by such an adjust- 
ment of its valves. 
This ingenious young mechanic 
afterward became a skillful ,vol'k- 
nlan, and an excelJent enginee:&, 
and went abroad on tbe Conti- 
nent, ,vhe,re he erected several fine 
engInes. 
26. Potter's rude valve - gear 
,vas soon improved by Henry 
Beighton, and the new device ,vas 
applied to an engine .which that 
talented engineer erected at K ew- 
castle-on-Tyne in 1718, in which 
engine be substituted substantial 
materials for Potter's unmechani- 
cal arrang
ment of cords, as seen 
. F . 1 () 
In Ig. .... 
In this sketcll, r is a plug-tree, plug-rod, or })lug-frame, as It IS 
variously called, suspended from the great beam ,vith 'which it rises 
and falls, bringing the pins p and k, at the proper moment, in contact 
,vith the bandIes k k and n n of the valves, moving them in the 
proper direction and to the proper extent. A lever safety-v
lve is 
here used, at the suggestion (it is said) of Desaguliers. 
The piston was packed with leather or with rope, and lubricated 
with tal1ow. 
27. Further improvelnents were effected in the N ewcomen engine 
by several engineers, and particularly by Snleaton, and it soon came 
into quite extensive use in all of tbe mining districts of Great Britain, 
and it also became gener311y known upon the Continent of Europe. 
Its greater .economy of fuel as compared with tbe Savery engine 
in its best form, its gn-'ater safety-a consequence of the low steam- 
pressure adopted-and its greater working capacity, gave it such 
nlanifest superiority that its adoption took place quite rapidly, and 
it cOlJtinued in general use in some districts where fUf>l 'waR cheap 
up to a very recent date. Some of tbese engines 
1l'e even now' in 
existence. 
From about 1'758 to the time of the introduction of the '.Vatt en- 
gine, this was the macl1Íne in almost universal use for raising large 
quantities of water. 
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28. The success of the Ne,ycomen engine naturaHy attracted the 
attention of mechanics, and of scientific men as ,vell, to the possibility 
of making other applications of steam-po,vm'. 
The greatest Illen of the time gave much attention to the subject; 
but, until J A)IES 'V ATT began the work that has made hin1 fan1ou
, 
nothing more was d<;>ne than to improve the proportions and to 
slightly alter the details of the N ewcomen and Cawley engine, even 
by such skillful engineers as Brindley and Smeaton. 
Of the personal history of the earlier inventors and in1prOyers of 
the steam-engine very little is known; but that of 'Vatt has been 
fully traced. 
29. This great man was born at Greenock, then a little Scotch 
fishing-village, but now a considerable and a busy town, which annu- 
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JAMES WATT. 


ally launches upon the waters of the Clyde a fleet of steamships 
"Those engines are probably, in the aggregate, f:1r more powerful than 
were all the engines in the w'orlc1 at the date of "T att's birth-January 
10, 1 
36. 
He was a bright boy, but exceedingly delicate in health, and quite 
unable to attend school regularly, or to apply himself closely to either 
study or play. 
IIis early education 'was given by his parents, who wen
 respecta. 
ble and intelligent people, and the tools borro,ved from his father's 
carpenter's-bench served at once to amuse him and to giye him a dex. 
terity anel familiarity ,vith their use that must undoubtedly have ùeen 
of inestimable value to hinl in after-life. 
1\1. Arago, the elllinent French philosopher, '\vho 'wrote one of 
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the earliest and most interesting biographies of 1Vatt, relates an- 
lcdotes of hiln "Thich, if correct, illustrate well the thoughtfulness 
and the intelligence, as well as the mechanical bent, of the boy's 
nlind. - 
lIe is said, at the age of six years, to have occupied himself during 
leisure hours with the solution of geometrical problems, and Arago 
discovers in a story, in which he is described as experimenting ,vith 
the tea-kettle, his earliest investigations of the nature and }Jropcrtics 
of steam. 
1Vhen finally sent to the village-school, his ill-health prevented 
his nutking rapid progress, and it lvas only when more than fourteea 
years of age that he hegan to show' that he ,vas capa1le of taking the 
lead in his clas
, and to exhibit his ability in the study particularly of 
Inathematics. IIis spare tin1e "Tas principal1y spent in sketching with 
his pencil, in carving, and in "Torking at the bench, both in ,vood and 
InetaL II is Üt\yorit.e work seellled to be the repairiug of nautical in- 
struments. 
In boyhood, as in after-life, he was a dilig
l1t reader, and he 
seemed to find sOlnething to interest hÎIn in every book that came 
into llis hands. 
At the age of eighteen 'Vatt was sent to Glasgo,y, there to reside 
with his mother's relatives, and to learn the trade of a mathematical- 
instrumeJlt maker. The mechanic ,,
itll ,,,honl he was placed ,vas soon 
found too indolent, or ,vas otherwise inca})able of giving much aid in 
the project; aud Dr. Dick, of the University of Glasgo,v, with whom 
'\T att became acquainted, a(hrised hinl to go to London. 
Accordingly, he set out in June, 1755, for the ruetropolis, where, 
on his arrival, he arrangpd with 1\11'. John l\lorgan, in Cornhill, to 
work for a year at his chosen business, receiving as conlpcnsatioll 
twenty guineas. At the end of the year he wa::; compelled by serious 
ill-health to return home. 
30. IIaving hecoll1e restored to Jwa1th, he went again to Glasgow, 
in 1756, with the intention of pursuing his calling there. But not 
bein cr the son of a hnrO'ess , and not having served his apprenticeshi p 
ö :"") 
in the town, he was forbidden by the guilds, or trades.unions, to open 
!t shop in Glasgow. Dr. Dick came to his aid, and employed him to 
repair some apparatus "Thich had been bequeathed to the college; and 
he '\
as finally allowed tIle use of thrpe roonlS in the university-build, 
in-o- its authorities not beinO' under the muuièipal rule. 

, 
 
He remained here until 1760, when, the trades no longer object, 
inO' he took a sho p in the city, and in 1761 nloved again into a 
b' 
shop on the north side of the Trongate, ,vhere he earned a scanty 
living without molestation, still keeping up his connection ,vith the 
college. . 
lIe spent much of his leisure time, of which be had more than 
was desirable in makillO' l )hilosO I )hical experiments, and in the manu- 
, '" 
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facture of musical instruments, making himself familiar with the SC1- 
ence
, and devising imprO\'enlellts in the construction of orga,ns. 
IIis reading ,vas still very desultory; but tile introduction of the 
N ewcomen engine in the neighborhood of Gla
go\V, and the presence 
of a lllodel in the college collections, wl1Ïch lllode] ,"vas placed in Lis 
hands in 1763 for repairs, léd him to study the history of the stearn- 
engine, and to conùuct for hinlself an experimental research into tIle 
properties of steam, using a set of inlprovised apparatus. 
31. The N e,vcomen model, as it happened, had a boiler, whic1l,. 
although made to a scale from engines in actual use, was quite in- 
capable of furnishing stEmm enough to work the engine. 
It was about nine inches in dÜuneter, and the ste
lln-cylinder was 
two inches in diameter, and of six inches stroke of piston, arranged as 
in Fig. 13. 
This is a picture of the most 
carefully-preserved treasure in the 
collections of the University of 
Glasgo,v. 'Vatt at once noticed 
the defect referred to, and inlme- 
diately sought first the cause and 
then the renledy. 
32. lIe soon concluded that the 
sources of loss of heat in the N e,v- 
comen engine-which loss would 
be greatly exaggerated in a snlall 
model-w'ere: first, the dissipation 
of heat by the cylinder itself, which 
'wa.s of brass, and was both a good 
 'I ' - 
conductor and a go
d radiator; P 
secondly, the loss of heat conse- "' 
 _
 
 ==_ I III 
quent upon the necessity of cool- _ . 
ing down the cylinder at every 
stroke iu producing the vacuunI ; 
and, finally, a loss of power was 
due to the existence of vapor be- 
neath the }Jiston, the presence of which vapor was a consequence of 
the imperfect method of condensation which cl]aracterizes the N e,v-, 
cornell engIne. 
He first made a cylinder of non-conducting n]aterial-wood soaked 
in oil and then baked-and found a òecideJ advantage in the econ- 
omy of steam thus secured. 
lIe then conducted a series of eXpc.rinlents upon the temperature 
and pressure of steam at such points in the scale as he could readily 
reach, and, constructing a curve with hiR results, the abscissas repre- 
senting temperatures, and the pressures being represented by the 
ordinates, he ran the curve backward until be bad obtained approxi- 
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FIG. 13.-TIIE NEWCOMEN :MODEL. 
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mate measures of temperatures less than 212 0 , and of pressures less 
than atmospheric. 
l-Ie thus discovered that, with the amount of injection-water used 
in the N e\\ cornen engine, bringing the temperature of the interior, as 
he founel, do\\n to from 140 0 to 175 0 Fahr., a very considerable back- 
pressure ,vould be met with. 
Continuing his research still further, he measured the an10unt of 
steam used at each stroke; and, comparing it with the quantity that 
,vouid just fill the cylinder, he found that at least three-fourtlls uas 

()asted. 
The quantity of cold water necessary to produce condensation of 
a given weight of steam was next determined, and he found that one 
pound of steam contained enough heat to ra
e aùout six pounds of 
cold water, as used for condensation, from the temperature of 52 0 
Fabr. to the boiling-point; and, going still further, he found that he 
was compelled to use, at each stroke of the .}rewco'lnen engine, four 
times as 'Inuch injection-water as sllould suffice to condense a cylinder 
full of stearn. Thus was confirmed his previous conclusion tl1at three- 
fourths of the heat supplied to the engine "was wasted. 
His experiments having revealed to him the now "ell-known fact 
of the existence of latent beat, l1e went to his friend Dr. Black, of 
the university, with this intelligence; and the latter then inforn1ed 
him of the Theory of Latent IIeat which had but a short time earlier 
been discovered by Dr. Black himself. 
33. 'Vatt had now, therefore, determined by l1is own researches, 
as he himself enunlerates them/ the following facts: 
(1.) The capacitíes for heat of iron, copper, and of some sorts of 
wood, as compared with water. 
(2.) The bulk of steam compared with that of water. 
(3.) The quantity of water e,-aporated in a certain boiler by a 
pound of coal. 
(4.) The elasticities of steam, at various temperatures greater than 
that of boiling water, and an approxinlation to the law \vl}ich it fol- 
lows at otl1er temperatures. 
(5.) IIow much water, in the form of steam, was required, at 
every stroke, by a small N ewcomen engine, with a wooden cy1inder 
six inches in diameter and twelve inches stroke. 
(6.) The quantity of cold water required, at every stroke, to con- 
dense the steam in that cylinder, so as to gh
e it a ,vorking po'wer of 
about seven pounds on the square incI]. 
34. After these "Tell-devised and truly scientific investigation
, 
Watt 'was enabled to enter upon his ,\Tork of improving the steam- 
engine with an intelligent understanding of its exi
.:ting defects) and 
with a knowledge of their cause. 
It was on a Sunday afternoon, in the spring of 1765, that he de- 
l Robinson's" Mechanical Philosophy," edited by Brewster. 



THE GROWTH OF THE STEAlrI-E.J.VGIJ.\TE. 137 


vised his first and his greatest invention-the separate condenser. 
His object in using it 'vas, as he says himself, to keep tlte cylinder as 
hot as the stecon that entered it... He ,vas therefore the first to appre- 
hend and to Htate a problem whi.ch the modern engineer iR still vainly 
endeavoring conlpletely to solve. 
'Vatt was, at this time, twenty-nine years of age. Having taken 
this first step and made such a radical improvement, the success of 
the invention was no sooner determined than others followed in 
rapiø. succession as consequences of the exigencies arising from the 
first radical change in the old N ewcomen engine. 
But in the ,vorking out of the forms and proportions of details in 
the new engine, even 'Vatt's powerful mind, with its stores of hap- 
pily-combined scientific and practical information, was occulJied for 
years. 
35. In attaching the separate con- 
denser, he first tried surface condensa- 
tion, as in Fig. 14, ,vhich is a sketch of 
his first model; but this not succeeding 
,,"ell, he substituted the jet. Sonle pro- 
vision becanle at once nece8sary for 
preventing the filling of the condenser 
with ,vater. 
'Vatt at first intended adopting the 
same expedient ,vhich worked satisfac- 
torily'with the less effective condensa- 
tion of N ewcolnen's engine, i. e., lead- 
ing a pipe from the condenser to a depth 
greater than the height of the colunln of FIG. 14.-WATT'S FIRST MODEL, 1763. 
water which coultl be counterbalanced 
by the pressure of the atmosphere; but he suhsequently enlployed the 
air-pump, which relieves the condenser, not only of the water, but of 
the air which also usually collects in considerable volunle, and vitiates 
the vacuum. 
lIe next substituted oil ancl tallow for the ,vater previously used 
in lubrication of the piston and I
eeping it ste:un-tight, in order to 
avoid the cooling of the cylinder incident to the use of water. 
Still another cause of refrigeration of the cylinder, and consequent 
waste of power in its operation, was seen to be the entrance of the 
atnlosphere, ,vhich came in át the top and follo'wed the piston down 
tbe cylinder at each stroke. 
This the inventor concluded to prevent l)y covering the top of the 
cylinder, and allo'wing the piston-rod to play through a "stuffing-box," 
which device had long 1)een know'n to mechanics. lIe accordingly not 
only covered tho top, but surrounded the ,yhole cylinder with nu 
external casing or " steam..jncket," and allowed the stean1 from the 
boiler to pass around the stoam-cy lindor and to press upon tho upper 
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surface of the piston where its pressure 'was readily variable, and 
therefore more Inanageable than that of the atnlospherc. It abo, 
besides keeping the t'ylillder hot, 
couh1 do comparatively littlc harm 
should it leak hy the piston, as it 
might be condensed and readily 
disposed of: 
36. This completed the change 
of the "atmospheric engine" of 
N ewcomen into the steanl-encrine 
ö 
of Ja111es "T att . 'fhe enaine as im- 
ð 
proved is shown in Fig. 15, which 
represents the engine as pat- , i 
enteù in ....\,pril, 1769. 'Y' att's first 
engine 'was erecteù "Tith the pecu- 
niary aid of Dr. I
oebnck, the les- 
sor of a coal-Inine on the estate of 
the Duke of IIamilton, at l{inneil, 
near llorro,vstounncss. This en- 
gine, ,vhich ,vas put up at the 
1nine, had a steanl-cylinder eigh- 
teen inches in c1ialneter. 
In the figure, the steanl passes 
f . 1 1 FIG. 15.-'WATT's PU:MPHw-ExGlXE, A. D.176Q. 
ronl the bOIler t lrong 1 the pipe d 
and the valve c'to the cylinder casing, or steanl-jacket, Y J
 and 
above the fJiston b, 'which it follo"Ts in its descent in the cyÌìnder a, 
the yahTc f being at this tilne open to allo"T the exhaust to pass into 
the condenser Ii. 
The piston now being at the lower end of the cylinder, and the 
pump-rods at the opposite end of the beam y thus raist>d, and the 
pumps filled "rith water, the valves c and f close, w bile e open
, 
allowing the steam which remains aboye the piston to flow be- 
neath it, until, the pressure ùccoming equal above al1d below by 
the 'weight of the pnn1p, it is rapidly drawn to the top of the cylin- 
der, while the steam is displaced above, passing to the underside of 
the piston. 
K ow the valve e is c1o
eù, and c and&f are again opened, and the 
do'wn-stroke is repeated as before. The "Tater and air entering the 
condenser are reJuoved, at each stroke, by the air-pump i, ,vhich 
comlnunicates ,vith the condenser by the passage 8. The pump q 
supplies rondensing-watcr, and the pump A takes away a part of the 
,yater of condensation, which is thro,,"'n by tIle air-pnmp into the 
" hot well" k, and with it supplies the boiler. The valves are moved 
hy valve-g(\ar very similar to Deighton's, by tbe pins rn m in the 
" plug-frame" or " tappet-rod" n 11. 
The engine is mounted upon a substantial fouudation, B B. Fis 
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an opening, out of which, before starting the cngine, the air is drh'cn 
frolII th
 cylinder and condenser. 
37. In the building and erection of his engines, "....att had the 
greatest difficulty in finding skillful .workmen to nlake the parts with 
accuracy, to fit them with skill, and to erect tlwm properly wlwn 
once finished. 
The fact that both N ewcomen and 'V 3tt found such serious trou- 
ble indicates that, even had the engine been designed earlier, it is 
quite unlikely that the ,vorld ,vould have seen the stealn-engine a 
success until this period, when mechanics were just acquiring tIJe 
skill requisite for its construction. But, on the other hand, it is not 
at all certain that, had the nlechallics of an earlier period Leen as 
skillful and as well eductÌted in the mannal nict'ties of their busi- 
ness, the steam-engine might not have been much earlier brought 
into nse. 
In the time of the )larqllis of Worcester, it woula Lave probably 
been found impossible to obtain worlouen to construct the stéaID- 
engine of Watt, had it been then invented. Indeed, 'Vatt, upon one 
occasion, congratulateLl himself that one of his steam-cylinders only 
lacked three-eighths of an inch of being truly cylindrical. 
38. Pecuniary misfortunes soon deprived "
or att of the assistance 
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MATTIIEW llOL"LTON. 


of his friend anc1 partner Dr. Roebuck, but in ] 773 he becan1e con. 
nected with an intelHgent, energeÜc, and 'wealthy Inanufacturel of 
Birmingham, )latthew Boultoll. TJlenceforward, the c::,tab1ishment 
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of Boulton & 'VaU, at Soho, near Birmingham, for a long time fur. 
nished the greater proportion of all the steam-engines made in the 
world. 
In the ne\v finn, Boulton took charge of the general business, and 
'Vatt superintended the design, construction, and erection, of their en- 
gines. Boulton's business capacity, with 'Vatt's wonderful n1echanical 
ability; Boulton's physical health, and his vigor and courage, offset- 
ting \Vatt's feeble health and depression of spirits; and, n10re than 
all, Boulton's pecuniary resources, both in his own purse and in the 
wealth of his friends, enabled the firIu to conquer aU difficulties, 
whether in finance, in litigation, or in engineering. 
39. 'Vatt had, before meeting Boulton, conceived tl1e idea of 
econolnizing some of tbat power the loss ðf ,vhich was so plainly 
indicated by the violent rush of the exhaust steam into the con- 
denser, and had described the advantages that would follow the use 
of steam expansively, by means of a " cut-off," in a letter to Dr. Small, 
of Birminghalll, dated Glasgow, J\lay, 1769. lIe ljad also planned a 
" compound engine." 
This invention of the expansion of steam, which, in importance, 
,vas hardly exceeded by any other improvement of the steam-engine, 
"
as adopted at Soho in 1776, but the })atent was not obtained until 
1782. 


FIG. 16.-'V ATT'S STEA..
-ENGINE, A. D. 1760. 


During this interval, \\T 3tt inyented the crank and fly-whee], hut, 
as the former had been first pa.tented by 'Yasborough, who is sup- 
posed to have obtained a knowledge of it from 'YOrkn1ell eU1ployed 
by Watt, the latter patented several other Inethods of producing 
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rotary motions, and temporarily adopted tbat kno"
n as the" sun-and- 
planet wheels," subsequently using the crank. 
The adaptation of t!le steam-engine to the prod uction of rotary 
motion ,vas soon succeeded by the introduction of the Double-Act- 
ing Engine, the Fly-ball Governor, the Counter, the Steam-Engine 
Indicator, and other n1Ïncr but valuable improvements, which were 
the final steps by which the 'Vatt steam-engine became applicable to 
driving mills, to use on railroads, to steanl-navigation, and to. the 
countless purposes by which it has become, as it has already been de- 
nominated, the great materia] agent of civilization. 
40. Fig. 16 represents the Watt Double-Acting engine. It win be 
noticed that it differs from the Single-Acting engine in baving steam- 
valves, B B, and exhaust-valves, E E, at each end of the cylinder, 
thus enabling the steam to act on each side of the piston alternately, 
and practically doubling the power of the engipe. 
The end of the beam opposite to the cylinder is usually connected 
,vith a crank-shaft. 
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WATT'S WORKSHOP AT HOME. 


41. At this point, the history of the steam-engine becomes the 
story of its applications in several different directions, the most Ï111- 
}1ortant of which are the raising of water, which has hitherto been its 
only application; the propulsion of carriages, as in the loconlotive- 
engine; the driving of miHs and Inachinery; and steam-navigation. 



142 TIIE POPULAR SCIEJ.VCE ltIO.J.VTHLJ'r-. 


II
re we take' lea ye of l anles ,,-yo att, of WhOlll a French author 1 
says, " The part which he played, in the Inechanical application of the 
power of steam, can only be compared to that of Newton in astron- 
omy, and of Shakespeare in poetry." 
l{etiring from the firm in the first year of the present century, 
'Vatt remained quietly on his estate at Heathfield. lIe fitted up a 
little workshop in his house, and there spent nearly all his tinle, in- 
venting, designing, and constructing ingenious machines for special 
purposes. lIe died peacefully, fnll of years and great in faIlle, ....\ugust 
25, 1819
 
Since the time of "r att, improvements haye been rrincipal1y in 
matters of mere detail, and in the extension of the raIlge of application 
of the stealll-engino. , 
42. To complete the history of its application to raising water, 
the su('ceeding figures are given as exhibiting the principal forms of 
punlping-engine as no'w constructed. 
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FIG, 17.-THE CORNISH PUMPING-ENGINE, 1677. 


Fig. 17 represents tl18 Cornish pumping-engine, ,vhich, in spite of 
its great ,,"eight and high cost, is still much used. 
It ""in be seen that it is the engine of James 'Vatt in all its gen- 
eral features. 


1 "Traité des Machines à Vapeur," E. M. BatailIe, Paris, 1847. 
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It is single-acting, and has a steam-jacket and a plug-rod valve- 
gear, J.lL The Ï111proven1ellts are principally in the furm and pro- 
portions of its parts, and in its adaptation to high steam and " 
hort 
, cut-off'" 
A is the steam-cy linder, B C the pistO!l and rod, IJ the 1ealn, and 
E the pump-rod. The condenser is seen at G, and the nir-pump at IL 
The steam-cy1inder is " steam-jacketed," and is surrounded by a cas- 
ing, 0, conlposed of brickwork or other non-conducting nlaterial. 
Steanl is first admitted above the piston, driving it rapidly down"
ard 
and raising the pUInp-rod. At an early point in the stroke the adnlis- 
sion of steam is checked by the sudden closing of the induction-yalve, 
and the stroke is conl rleted nntler the act ion of exp3nding steam 
assisted by the inertia of the he:],yy parts already ill motion. The 
necessary ,veight and inertia are aflorded in many case
, where the 
engine is applied to the }nllnpÍng of deep nlines, hy the innl1ensely 
long and heavy pump-rocl
. 'Vhere this weight is too great, it is 
connterùalanccd; and ,vhere, as ,,"'hen used for the water-suI'ply of 
cities, too small, weights are added. 'Vhen tte stroke is completed, 
the" equilibrium-valve" is opened, and the steam passes fronl above 
to the space belo\v the piston, and, an equilibrium of pressure being 
thn.s produced, the pump-rods descend, forcing the water fronl tbe 
pumps and raising the steam-piston. The ahsenee of the crank or 
otller device ,vhich might determine absolutely tIle length of stroke 
con1pels a very careful adjustnlcnt of steam adIni
sion to the 
nl1ount 
of load. Should the stroke be allowed to exceed 1 he pre per lellgt h, 
and should danger thus arise of the piston striking the cylinder- 
11eads, the movenlent is checked by Luffer-bean1s. The regul
)tion 
is effected by a "cataract," a kind of hydraulic governor, consisting 
of a plunger-pump with a reservoir attached. The plunger is rai
ed 
by tbe engine, and then autonuttically detached. It fallR ,vit h greater 
or less rapidity, its velocity being detenllined by the size of the educ- 
tion orifice, which is adjustable l)y hand. "Then the plunger reach(:'s 
the bottonl of the plllup-barrel, it disengages a cateh, a weight is 
allo,ved to act upon the stean1-valve, opening it, and t lIe engine is 
caused to make a stroke. ',hen the outlet of the ('ataract is nearly 
closed, the engine stands still a conf'ic1erable tÌ1ne while the plunger 
is descending, and the strokes succeed each other at long intervals. 
'Vhen the opening is greater, the cataract acts Dlore rapidly, and the 
engine ",'orks faster. This has been regnrded until recently as the 
most economical of pumping-engines, and it is still generally usetl in 
Europe in freeing mines of water. 
43. Fig. 18 represents a Iighter, cheaper, and almost equally cflèc- 
tive machine, known as the Bull Cornish or Direct-Aet ing Cornish 
engine. It ,vas first designed by the competitor of 'Yatt., by whose 
nmne it is known. As is s(\en by refen'l-::ce to the engra \'illg, its 
cylinder a is directly above the pump-rods c, d, [J, and is carrietl on 
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cross-beam
, b b. The air-pump m lop, the tank n, and valve-gear 
q r s, are quite sÌlnilar to those of the beam Cornish engine. The bal- 
ance-bcaIn is seen at h i. 


Fig. 19 represents another form of 
pumping-engine 'which belongs to the 
class known as the "con1pound" or 
" two-cylinder" engine. 
This class of engInes, III ,,'hich the steam exhausted from one 
cylinder is further expanded in the second, "Tas first introduced by 
Hornblower, in 1781, and "\\
as patented, in combination "Tith the Watt 
condenser, by W ooJf, at a later date (] 804), 'with 3. view to adopting 
high steam and considerable expansion. 
The 'V oolf engine was to SOlne extent adopted, but 'was not suc- 
cessful in competing with 'Vatt engines ,vhere the latter ,vere ,veIl 
built, and, like Hornblower's engine, was soon given up. 
The compound engine has come up again 'within a few years, and, 
with what is 'nO'll) considered high steam and considerable expansion, 
and designed "Tith more intelligent reference to the requirements of 
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FIG. 18.-BuLL's CORNISH E
GINE, 1798. 



THE GROTVTH OF THE STE.-Ll
f-E.LVGI.LY'E. 145 


eCOn0I11Y in working steanl in this manner, it seems gradually dis- 
placing all other f01'n1S of engine. 
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FIG. 19.-HoR
BLOWER'S COMPOUND ENGINE, 1781. 


4-1-. An eX:l1nple of this form of Plln1ping-engine, and one which l
 
a favorite with rnany engineers, is the bean1 and crank engine (Fig. 
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FIG. 20.-COMPOCND PUMPING-ENGINE, 1660. 


20), 0 I>, E F, with double cylinder, ../1, B, 'working the' "comLÏIwd 
bucket and plunger," or donùle-:1cting p1.unp, J. In its cylinders ste
Hll 
VOL. XII.-IO 
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i
 usually expanded from fonr to eight tittles. The Leavitt compound 
engine is shown in Fig. 21. 


FIG. 21.-LEAVITT'S PnIPING-ENGIXE, 1875. 


In this engine tIle lower el1d
, A, B, of the two cylinders are 
brought close together under the centre of the bean1, thus shortening 
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the stealn-passages between them, permitting a synImetrical distribu- 
tion of strain, and the use of the usual general type of beam-engine. 
A readily-adjustable valve-gear is attached, and its cut-off gives an 
expansion of about ten tinIes, the boiler steam-pressure heing about 
eighty pounds per square inch. The cylinders are steanI-jacketed, 
and very thoroughly clothed ,vith a non-conducting felting and lag- 
ging. This engine has given the best economical results yet reported 
in this country, attaining a " duty" on a test-trial of more tl]an 100,- 
000,000 pounds of ,vater raised one foot high by each 100 pounds of 
fuel burned. 
Still another recent form of steam })umping.engine, noted for its 
cheapness conlbined ,vith efficiency, is that of "r orthington (Fig. 22), 
in which two pairs of steam cylinders, A, B, are placed side by side, 
each pnir dri'Ting a pump-plunger, F, attached to its piston-rod, and 
each having its valve-gear, II L, lJI N, actuated by the movement of 
. the piston of the other. The cylinders together form a compound 
engIne; the 'stearn exhausted froln the smaller, A, passing into the 


TOMB OF JAlIIES WATT, HANDSWORTn CHURCH, 1819. 


larger, B, where it is further expan<led. The:' valve-genr of this en- 
gine is peculiarly ,veIl adapted to this type of engine. There is no 
fl y -,vheel and the motion of each of the two inde ] )endent engines, 
, . 
 
which together fOrIn the pair, is controlled by its neighhor, the ynlvc- 
gear of the one beino- moved by the piston of the other. This ingeu- 
b . . 
ions com1inntion permits ench pi
ton to move frOll] end to eud of ItS 
cylinùer, holds it stationary an instant while the PUIlip-cylinders 1)e- 
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COllie cOlnpletely fined and their valves closed, and then sets it in nlO- 
tion on the return-stroke. Thus the pif'tons nlove alternately. These 
enginf's have given a very high duty. The condenser is seen at C, and 
the air-plunp is at D, the latter being 'VOi"kecl froIn the bell-crank lever 
II by means of links, I, IL The steam-valves, Q, R, are balanced. 
rr TT are the water-induction val Yes, and l' l' those on the eduction- 
side. 
Here ,,"e leave the steam-engine as apl)licd to raising water. "... e 
have invariably noticed, in the fOrIns of engines so used, that a con- 
denser forms a part of the apparatus. 
"7" e will next briefly trace the history of that now familiar form 
of engine in w"hich the steam, having clone its work, is discharged 
directly into the atmosphere. , 


... 


STAR OR STAR-l\IIST. 


By RICHARD A. PROCTOR. 


A RE3IARI{ABLE discovery has been 111ac1e hy the astronomers 
of Lord Lindsay's observatory at Dunecht-a discovery the true 
meaning of which is not as yet fully perceived. It 11la)' be rerl1em- 
here(l that SOUle nine 111011th8 ago a new star, as it ,yas caned, Hlade 
its appearance in the constellation Cygnus. 1 This oLject shone out 
,vhere before no star had been known to astronomers-not merely, be 
it noticed, where there was no visible star, but .where none was re- 
corded e\ren in lists like Argelander's " Durchnlusterung," containing 
hundreds of thousands of telescopic stars. It ,,
as not, howe\TE'r, alto- 
gether hnpossihle that some slnaU star ,,-ithin moderate telescopic 
range had existed in the spot where the ne,v star shone out, and that 
in some w'ay this small star had escaped obser\Tation. This seenled 
the m
re likely because tbe new star had appearEd in a part of the 
heavens very rich indeed in telescopic stars; at any rate, astronomers 
had reason to believe that they would be readily able to determine 
the question w'ith a high degree of probability by ,vatching the star 
as it gradually faded out of vie\y. For a "ne,v star" "Thich bad 
shone out in tJle constellat.ion of the Northern Cro,vn in 
Iay, 1866, 
and had heen identified with a tenth-n1agnitnde star in Argelanclcr's 
list, had gradually falled out of view", and, growing yet fainter, had 
sunk through one telescopic magnitude after another until it shone 
again as a tenth-111agnitude star only. Since that star 11ad resullied 
its former lustre, or rather its fornler faintnes
, it seen1cd not unrea- 
sonable to conclude that so also ,,"ould the star in Cygnus. 'Ve shall 
presently see ho\v far this expectation was frOin being fulfilled. 


1 See PoprL.AR SCIEXCE )IoXTIJLY, "01. xi., p. 59. 
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Dnring its time of greatest observed brilliancy the new star in the 
Swan was very carefully watchea by spectroscopists. The results 
,vere in many respects interesting. The star in the Cro"'\vn had sho"'\vn 
the bright lines of hydrogen, supel'})osed upon a faint rainbow-tinted 
spectrum, which was understood to signify that around a real, though 
probably a small, sun, some outburst of glo,ving hydrogen baa tak(ìll 
place, the chief part of the star's llew light being due to this outburs . 
The same bright hydrogen lines were seen also in the case of tbe star 
in Cygnus. But in addition to theul other b1'igIlt lines ,,
ere seen, 
which seemed to be identical ,vith those belonging to the so]a1' sierra 
(or, as many astronOlners unclassical1y can it, the chronlosphere) and 
corona. This, at least, "'\vas the opinion of 
I. Cornu, of the Paris Ob- 
servatory. Herr Vogel, ,vho began his observations on Decenlber 5th, 
,vhen the star "ras between the fourth aud fifth nlagnitude, and C011- 
tinued them to 1\larch 10th, when the star had sunk belo,v the eigllth 
magnitude, does not agree on this point "'\vitb 1\1. Cornu, since a line not 
agreeing ,vith any known line in the spectru111 of the snn'g 
ierra W:1S 
c1early visible from the beginning in the speetrurll of the new star. 
TIut the most interesting point in conneetion ,vith ,..,. ogel's observa- 
tions, confirmed also by l\lr. Copeland, at the Dunecht Oùservatory, 
and by 1\11'. Backhouse, of Sunderland, was this: that, as the ne,v star 
died out, not only did the rainbow-tinted background of the spectrlll11 
fade gradually out of vie'w, ùut the relative lightness of the bright 
lines steadily changed. At last, on 
Iarch lOth, very little was left of 
the spectrum ,vhich Cornu and Vogel had seen in Decen1 bel'. The 
blue and violet portion of the spectrul11 had faded entirely from vie"'\v, 
a dark gap had appeared in the green, and a véry bro:1cl, dark band 
in the Llue. Of the bright lines t"ro only remained. One, the F line 
of hydrogen, in tIle green-blue, which had been 
ingularly conspicuous 
last December, ""as now faint. The other, in the green, which haa 
been faint in Decenlb
r, was now very bright-in fact, nearly t11e 
,vhole light of the star seemed at this tinle to conle fr0111 this lH"ight 
line. 
X 0"'\\", the changEs which had thus far ta1
en place "
ere altogether 
unlike those ,,
hich had been noticed in tIle ca
e of t11e lle"r st:1r in tbe 
X orthe1'n Cro"'\\
n. As that star fhded fron1 view the ùright lines in- 
dicative of o-lowina h'ec1ro a en died out , and only the ordinary stenar 
b r-, ,1 ð 
spectrlun relnaincd. In the case of tI]e star in Cygnus tlw part of the 
spectrum corresponding to stellar lig11t-that is to sar, the raillbow- 
tinted streak crossed by dark lines-faded graclually fronl vie"w, and 
bright lines 0111y "ere left, at least as con
picuous parts of the star's 
spectrum. This body, then, did not seen1 to be returning to tIle stel- 
lar condition at all, but actually fading out into a nelHlla. Not. only 
so, but the lines ,,
hich still ren1ained conspicuous last 
rarch ,,
ere 
lines kno"rn to be]ong to the so-called gaseous nehnlæ. One of them, 
that ,,-bieL haù beeu the faintest, but was now the brightest, C01'1'e- 
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sponded to the nitrogen line of the nebular spectrum; the other, which 
,vas still conspicuous, though faint, corresponded to the hydrogen line 
of l1ebulæ. 
That, however, ,yas by no n1eans the closing chapter of this sin- 
gular history. Vogel seems to have ceased from observing the star's 
spectrum, strangely enough, at the very time when the most remark- 
nble part of the process of change seerned to be approaching. .At the 
Dnnecht Observatory also, through pressnre of work relating to 
Iars, 
no observations were made for nearly half a year. But, on September 
3d, Lord Lindsay's 15-inch refractor was turned on the star. In the 
telescope a star was still shining, but with a faint blue color, utter1y 
unlike that of the orb which had shone out so conspicuously la
t N 0- 
vember. Under spectroscopic examination,' however, the blue star 
,vas found to be no star at all, if "Te are to regard those orbs only as 
stars which present a spectrum in some degree an:Jlogous to that of 
our own sun. 'Ve regard Sirius as a sun, though in his spectl'lul1 the 
lines of hydrogen are abnormally strong; and, passing over the class 
of stars more closely resenlbling our sun, ,ye regard as a true star the 
orange orb, Betelgeux, though the lines of hydrogen are wanting in 
its spectrnm; nor do w.e reject from among the suns those stars "Thiel], 
like Gamma of Cassiopeia, show the lines of hydrogen bright upon a 
fainter rainho\v-tinted spectruln. There is yet another order of stars 
-those ,yhose spectrulll presents bright bands with faintly lustrous 
interval
, which, again, "Te regard as true suns, though they differ 
doubtless notably frOln our own. But we have been in the habit of 
regarding all the star cloudlets, whether consisting of multitudillous 
stars, like the clusters, or of luminous star-mist, as differing toto cælo 
from the sun and from all his fello,,
-stars. The clusters, indeed, give 
a spectrum resmnbling the sun's, and ,,"e regard them as different only 
because of their cìustering condition. But the nebnlæ which Sir 'V. 
Herschel regarded as consisting entirely of luminous vapor, and 'which 
spectroscopic analysis has proved to be so constituted, ,,"e have re- 
gan1ed not merely as different because of the structure and arrange- 
ment of their component part
, but as differing altogether in constitu- 
tion. N O'Y, the ohject seen as a faint blue star showed the same spec- 
trtun as these gaseous nehulæ, or rather as the very falntest of these 
nebulæ. For nlost of them show three bright lines, and one or t,vo 
even sho,v four bright lines; only the faintest shine with ahsolutely 
Jllonochronlatic or one-tint light. The star in Cygnus now shines like 
these faintest of the gaseous nebulæ-that is, with a light whicl], un- 
der spectroscopic analysis, prespnts only one bright line. 
The ,vords in ,vhich Lord Lindsay announced this remarkable dis- 
covery are these: "There is little doubt but that Ods staJ" has changed 
into a planetary nebula of srnrtll angular diaJneter," though, he goes 
on to say, " such a result is in direct opposition to tIle nebular hy- 
pothesis." On this last point I venture to express dissent from Lord 
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Lindsay's opinion, which is in any case a somewhat bolll inference 
from a single observation. Assuredly the discovery just llutde is in 
direct opposition to a certain argument, derived froIn the gaseity of 
nebulæ, in favor of the gaseous hypotbesis of Laplace-an arguIl1ent 
which had ahvays appeared to the present ,vriter insufficiently estab- 
lished. But the nebular hypothesis, regarded not merely in the form 
suggested by Laplace (in which form it ,vas utterly inconsistent .with 
physical facts now known), but in the wider sense which would sin1ply 
present our solar system in the remote past as in a nebular state, "with- 
out defining its nebulosity as due either to gaseity on tbe one hand, 
or to a mixed lneteoric and cometic constitution on the other has 
, 
nlost certainly not received a shock, but rather receives strong sup- 
port, from 1\lr. Copeland's observation. A theory of the evolution of 
the solar system, advocated by me during tbe last seven years, accord- 
ing to which the solar systenl had its origin in meteoric and cometic 
aggregation, requires that during the long ages through which the 
process of deyeloplnent continued there should be occasional olltbursts 
of light and heat in moderate degree fronl the rest of the systen1, even 
to its outskirts. That intense heat in1aginec1 by Laplace as })eryad- 
ing the entire gaseous mass, extending originally far beyond the path 
of the remotest planet of our system, would require, indeed (if it ,yere 
a physical possibility in other ways), tbat the spectrum of a develop- 
ing solar system should be uniforn1ly that of gaseity for n1Íllions on 
n1Ïllions of yeal's. If it had been found or could De proved that the 
gaseous nebulæ are in a state of intense heat, Laplace's gaseous }}y- 
pothesis would have had one powerful argument in its favor. This 
argument has been strongly urged by those ,vho have taken that 
special view of the gaseous nebulæ ".hich the recent discovery sho'ws 
to be erroneous. TIut those ,vho have maintained, as I have, that in 
the gaseous nebulæ we probably" see vast systell}s of con1ets travel- 
ing tn extensive orbits around nuclear stars," ,viII find confinnation, 
not disproof, in the discovery lately made, especially "\vhen considered 
in combination with the circumstance that Prof. 'Y right, of Yale, has 
found tIle cometic spectrum to be emitted by 111eteoric n1asses exposed 
to moderate heat; while, under slight c}Janges of condition, the co- 
ll1etic spectrum of bright carbon bands appears to give place to tl)e 
nebular brigh t-line spectrulll. 
IIowever, speculation a part, we have in the discovery just n}ade a 
11lost imI>ortant fact for our guidance-the fact, lutn}ely, that a body 
,vhich to ordinary observation has been in all respects like the star in 
the Crown, and even under spectroscopic observation shone for a 
while ,vith true stellar light, has d,villùled into a nehula gh.ing the 
spectrum which has heretofore been regarded as indicative of ordinary 
gaseity.-English lJIecltanic. 
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T IlE system of competitive examinations for tllC public service, of 
'which I have laiù before the section a brief history compiled 
from the reports, is one of those radical innovations tbat may ulti- 
mately lead to great consequences. For the present, however, it 
leads to many debates. Not merely docs the working out of the 
scheule involve conflicting views, but there is still great hesitation in 
Ill:1ny quarters as to whether the innovation' is to be productive of 
good or of evil. The report of the Playfair Commission, and the 
more recent report relative to the changes in the India Civil Service 
regulations, indicate pretty broadly the doubts that still cleave to 
niany n1Índs on the whole question. It is enough to refer to the ,-iews 
of Sir ....\rthur IIelps, l\Ir. 'V. R. Greg, and Dr. FalT
 expressed to the 
Playfair Comn1Ïssion, as decidedly adverse to the competitive system. 
The authorities cited in the report on the India exanlÏnations scarcely 
go the length of total condelnnation; but many acquiesce only be- 
cause there is no hope of a re\'ersal. 
The question of the expediency of the system as a .whole is not 
well suited to a sectional discus
ion. 'Ve shall be much better em- 
ployed in ath'erting to BOHle of those details in the conduct of the 
exan1Ïnations that bave a bearing on the whole education of the 
country, as well as on the Civil Service itself. It was very well, at 
first starting, for the COlllluissioncrs to be guided, in their choice of 
subjects and in assigning values to those subjects, by the received 
branches of education in tbe scbools aud colleges. But, sooner or 
later, these subjects nlust be discussed on tbeir intrin8ic nlerits for 
the ends in vie'w. 
I silall occupy the present paper with the consideration of two 
departments in the exalnination programme-the on'e relating to the 
physical or natural sciences,2 the other relating to languages. 
This second topic is one of very serious iUlport. It concerns the 
Civil Service competitions only as a part of our w'hole scheme of edu- 
cation. I mean the position of languages in our exan1Ïnat1ons. 'Vhile 
the vast fielJ of natural science is rolled up in one heading, .with a 
total of 1,000 lnarks, onr Ch'il Service scheme presents a row of five 
languages besides our o'wn-twû ancicnt anel three modern-with an 
aggregate value of 2,625 lnarks. The. India. SChel1le has, in aclt1ition, 
1 From advance-sheets of a paper entitled U The Civil Service Examination Scheme 
considered with Reference-I. To Sciences; and, 2. To Languages," read at the recent 
meeting of the Social Science Congress in .Aberdeen, Scotland. 
2 This part of tbe address is omitted for want of space. 
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Sanskrit and .i\rabic, at 500 marks each; the reasons of this }))'escril)- 
tion being, however, not the same us for the foregoing. 
The })lace of langnage in education is not confined to the question 
as between the ancient and the modern languages. There is a ,vider 
inquiry as to the place of languages as a ,vhole. In pursuing this 
inquiry, 'we may begin with certain things tLat are obvious and in- 
contestable. 
In the first place, it is apparent that if a man is sent to }]old in- 
tercourse ,vith tLe people of a foreign nation, he must Le aLle to un- 
derstand and to speak the language of that nation. Onr India ciyil 
servants are, on that ground, required to master the IIindoo spoken 
dialects. 
In the next place, if a certain range of infonnation that you find 
indispensable is locked up in a foreign language, you are o1liged to 
learn the language. If, in course of time, all this inforlnation is trans- 
. ferred to our native tongue, the necessity apparently ceases. These 
two extreme suppositions 'viII be allowed at once. There may, how- 
ever, be an indefinite nUluber of interuledi::tte stages: the information 
may be partially translated; and it will then Le a question ,,,hether 
the trouùle of learning the language should be incurred for tbe sake 
of the untranslateù part. Or, it may be ,vholly translated; but view- 
ing the necessary defects, even of good translations, if the subject- 
nlatter be supremely important, some people will think it worth while 
to learn the language in order to obtain the knowlet1ge in its greatest 
purity and precisions. This is a situation that admits of no certain 
rule. Our clergy are expected to know the original langunges of the 
Bible, not,,"'ithstanding the abundance of translations, 111any of ,,
I1Ìch 
must be far superior in worth and authority to the judgment of a 
merely ordinary proficient in IIebre\v and Greek. 
It is now generally conceded tbat the classical languages are no 
longer the exclusive depository of any kind of yaluable inforlnation, 
as they ,vere two or three centuries ago; yet they are still continued 
in the schools as if they possessed their original function unabated. 
"T e do not speak in them, nor listen to thel11 spoken, nor write in 
them, nor read in then1, for obtaining infornlation. 'Vhy, then, are 
they kept up? J\IallY reasons are given, as you kno,,"'. There is an 
endea"ol' to sho,v that, even in their original funC'tion, they are not 
quite effete. Certain profcsfoiions are said to rely npon them for some 
points of infonnation nut fully cOlllmunicated by the mediunl of Eng- 
lish. Such is the rather ÏIH1ircct exanlple of the clergy ,vith Greek. 
So it is said that law is not thoroughly understood 'without I.Jatin, be- 
canse the great source of htw, the TIoll1an code, is 'written ill Latin, 
nnc1 is in Hlany points untranslatable. Further, it is contentletl that 
Greek philosophy cannot he fully lllastcred ,yithout a knowletlgc of 
the Iancrnao-e of PInto and Aristotle. But an ar
!ll1nent that is re- 
o 0 "-' 
duced to these exauJples 111USt be near its vanishing-point. K ot one 
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of the cases stanJs a rigorous scrutiny, and they arc not relied upon 
as the Iuain justification of the continuance of classics. .A, new line 
of defense is opened up that ,vas not at all present to the nlinds of 
sixtC'enth-century scholars. "r e arc told of numerous indirect and 
secollJary ad vantages of cultivating language in general auù the 
classic languages ill particular, which nlake the acquisition a rewanl- 
ing labor, even without one particle of the primary use. But for 
these secondary advantages, languages could have no claim to ap- 
pear, with such enormous values, in the Civil Service scheme. 
1Hy purpose requires nle to advert to these alleged secondary uses 
of language-not, however, for the purpose of counter-arguing thew, 
but rather to indicate ,vhat seems to me the true mode of bringing 
them to the proof. \ 
The lnost usual phraseology for describing the indirect benefit of 
languages is that they supVly a t,oaining to the po\vers of the mind; 
that, if not infornlation, they are culture j that they react upon our 
nlastery of our own language, and so on. It is quite necessary, ho,v- 
ever, to find tenus more definite flnd tangible than the slippery ,vords 
" culture" and" teaining ;" ,ve must kno\v in precise language what 
particular powers or aptitudes are increased by the study of a foreign 
language. Nevertheless, the conclusions set forth in this paper do 
not require me to work out an exhaustive review of these aavantages. 
It is enough to give as many as will serve for examples. 
Now, it nlust be freely admitted, as a possible case, that a prac- 
tice introduced, in the first instance, for a particular pnrpose, nlay be 
found applicable to many other purposes; so much so that, ceasing 
to be employed for the original use, this practice may be kept up for 
the sake of the after-uses. For exanlple, clothing ,vas no 'doubt pri- 
Inarily contrived for warmth; but it is not no\v confined to that-dec- 
oration or ornal11ent, distinction of sexes, ranks, and offices, modesty 
-are also attained by means of clothes. This exanlple is a suggestive 
one. ".... e ha \'e only to snppose ourselves migrating to SOI11e African 
cliInate, where clothing for wannth is absolutely ùispensed \vith. 
'Ve should not on that account adopt literal nudity-we should still 
desire to maintain those other advantages. The artistic decoration 
of the person would continue to be thought of; and, as no amount of 
painting and tattooing, with strings of beads superadded, "Tould an- 
s wcr to our ideal of personal elegance, we should have recourse to 
S0111e light, fihny textures, that would allow the displays of drapery, 
colors, and design, and sho\v off the poetl'Y of motion; 'we should. also 
indicate the personal differences tbat "Te were accustol1led to show by 
vesture. But now comes the point of the moral: ,ye sllould not lnain- 
tain our close, heavy fabrics, our great-coats, sh
nyls, and cloaks. 
These would cease with the need for them. Perhaps the first en1Í- 
grants conld keep up the preju
ice for their ,varm thingE:, but not so 
their successors. 



LANGUAGE .Al-lD TJIE ENGLISH CIVIL SERVICE. 155 


",... ell, then, suppose the extreme case of a foreign language that 
is entirely and avo\veclly superseded as regards communication and 
interpretation of thoughts, but still furnishing so many valuable aids 
to mental inlprovenlent that we keep it up for the sake of these. As 
,ve are not to see, speak, or read the langnage, \ve do not need abso- 
lutely to know the meaning of every ,vord; ,ve may, perhaps, dis- 
pense 'with much of the technicality of its grammar. The vocables 
and the grammar would be kept up exactly so far as to serye the 
other purposes, a11(l no further. The teacher would llaye in view the 
secondary uses alone. Supposing the language related to our own by 
derivation of ,vords, and that this was \vhat ,ve put stress upon, then 
the derivation would always be uppermost in the teacher's thoughts. 
If it ,vere to illustrate universal grammar and l)hilology, this would 
be brought out to the neglect of translation. 
I have made an imaginary supposition to prepare the "Tay for t1le 
real case. Tlle classical, or language, teachrr is assumed to be fuBy 
conscious of the fact that the l)rimary use of the languages is as good 
as defunct; and that he is continued in office because of certain 
clearly-assigned secondary uses, but for which he would he suspended 
entirely. Some of the secondary uses present to his mind, at all 
events one of those that are put forward in argument, is that a for- 
eign language, and especially Latin, conducm; to good composition in 
our own languagc. And aR we do compose in our o,vn language, and 
never compose in J.,jatin, the teacher is bound to think n1ainly of the 
English part of the task: to see that the pupils succeed in the Englif'h 
translation, ",'hether they succeed in the other or not. They nlay be 
left in a state of considerable ignorance of good Latin fornls-igno- 
rance ,viII never expose theIn-but any defects in their English ex- 
pression will be sure to be disclosed. Again, it is said tbat ul1ÍYcl'sal 
grannnar or philology is taught upon the basis of a foreign language. 
Is this object, in point of fact, present to the nlind of every teacher, 
and brought forward, even to the sacrifice of the po'wer of reading 
and writing, which, by the supposition, is never to be wanted? Fur- 
ther, the Latin grammar is said to be a logical discipline. Is this, 
too, kept in view as a predominating end? Once more, it is declared 
that throuO'h the classics we attain the hirrhest cultivation of taste, 
ö 
} 
by seeing models of nnpara11eled literary forIn. Be it 
o; is this 
habitually attended to in the teaching of these languages? 
I believe I am safe. in saying that, ,vhile the
e various secondary 
ad\'antages are put forward in the volelnic fiR to the valne of lan- 
guage
, the teaching practice is not in fnll consisteney therewith. 
Even 'when in ,,'ora the supporters of classics put forward t
le se('- 
ondary nses, in deed they belie themselves. :Excellence in teacl:ing 
is l}eld by them to consist, in the first in
tance, in the power of accu- 
rate interpretation, as if that ohsolete nse ,vcre still the use. If a 
teacher does this ,vell, he is reckoned a good teacher, altl10ugh be 
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docs little or nothing for tho other ends, ,,-hie]}, in argunlent, are 
treated as the reason of his existencC'. Indeed, this is the kind of 
teaching that is alone to be expected from the ordinary teacher; all 
the other ends are nlore difficult than simple worù-teaching. Even 
,yhen English composition, logic, and taste, are taught in the most di- 
rect way, they are more tliflicult than the siulple teaching of a foreign 
language for purposes of interpretation; but wIlen tacked on as ac- 
cessories to instruction in a language, they are still nlore tl'oublesol11o 
to Ï1npart. A teacher of rare excellence nlay help his })upi]s in Eng- 
lish style, in philology, in logic, and in taste; Lut the mass of teachers 
can do very little in any of those directions. They are never foum 
fault ,vith merely because their teaching docs not rise to the height 
of the great arguments tbat justify their vbcation; they would be 
found fault ,,
ith if their pupils were supposed to have made little way 
in that first function of language "which is never to be called into 
exorcise. 
I do not rest satisfied with quoting the palpable inconsistency be- 
tween the practice of the teacher and the polernic of the defender of 
languages. I believe, further, that it is not expedient tù carryon so 
nIany different acquisitions together. If you ,vant to teach thorough 
English yon need to arrange a course of English, allot a definite tin1e 
to it, and follow it with undivided attention during tbat time. If you 
wish to teach philology, provide a systematic scheme, or text-book 
of philology, and bring together all the 1110st select illustrations fro1l1 
languages generally. So for logic and for taste: these subjects are 
far too serious to be imparted in passing allusions while the pupil is 
engaged in struggling with enigmatic difficulties. They need a place 
in the programme to themselves; and, when so provided for, the 
s1l1al1 dropping contributions of tbe language-teacher may easily be 
dispensed with. 
The argument for languages 1113.Y, no doubt, take a bolder flight, 
and maintain that the teacher cloes not need to turn a
icle from his 
l)lain path to secure these secondary ends-now the only valuable 
ends. The contention may be that in the close and rigorous atten- 
tion to mere interpretation, just as if interpretation were still the liv- 
ing use, these other purposes are inevitably secured-good English, 
universal granlmar, logic, ta'tc, etc. I think, however, that is too far 
fronl the fact to be very confidently maintained. Of course, were it 
correct, the teacher should never b:1 ve departed from it, as the best 
teachers contiNually do, and glory in doing. 
On the face of the thing, it must seClU an unworkahle po
ition to 
surrender the value of a language, as a language, find k(1ep it up for 
something else. The teaching HUlst always he guided by the original, 
although defunct, use. This is the n
tural, the ea
y course to foIlo'w; 
for the nIass of teachers at all tinles it is the broad ,,?ay. Whate,er 
the necessities of argnment may c1rh r e a man to say, yet in his teach- 



L...1.iVGUAGE AJ.VD THE E.1VGLISH CIVIL SERVICE. 157 


ing he cannot help postulating to himself, as an indispensable fiction, 
that his pupils are some day or other to hear, to read, to speak, or to 
write, the language. 
The intense conservatism in the matter of languages, the alacrity 
to prescriùe languages on all sides, ,vithont inquiring whether they 
are likely to be turned to account, may be referred to various canEes. 
For one thing, the remark may SeeiTI ungracious and invidious that 
many minds, not always of the highest force, are absorbed and in- 
toxicated by languages. TIut a})art fronl this t1}ey are, by compari- 
son, easy to teach and easy to examine Ul)ou. Now, if t}}ere is 31]Y 
motiye in education more })owerful than another, it is case in the 
work itself. "Teare aU, .without exception, copyists of that Irish 
celebrity who, when he canle to a good bit of road, paced it to and 
fro a nnmber of times before going forward on the rougher footing. 
So far I may seem to be arguing against tbe teaching of language 
at al1, or, at any rate, the languages expressively called dead. I am 
not, however, pressing this point further than as an illustration. I do 
not ask anyone to give an opinion against classics as a subject of in- 
struction; although, undoubtedly, if this opinion ,yere prevalent, my 
principal task would be very much lightened. I have mere1y ana- 
lyzed the utilities ascribed to the ancient and modern languages, with 
a view to settling their place in competitive examinations. 
1\1y thesis, then, is that languages are not a proper 
ubject for 
cOl11petition with a view to })l'ofessional appointments. The explana- 
tion falls under two heads: 
In the first place, there are certain avocations .where a foreign 
language must be known, because it has to be used in actual business. 
Such are tbe Indian spoken languages. N o"r, it is clear that in such 
cases the knowledge of the language, as being a sine qua non, must 
be made imperative. This, however, as I think, is not a case for conl- 
petition, but for a sufficient pass. There is a certain pitch of attain- 
ment that is desirable even aOt first entering the service; no one 
should fall below this, and to rise much above it cannot matter a 
great deal. At all events, I think the measure should be absolute and 
not relative. I would not give a nlan merit in a cOlnpetitiou hecause 
another nHtn happens to" be ,vorse than hinlself in a nlatter t}}at an 
Innst know; both the men n)ay be absolutely bacl. 
It may be the case that certain languages arc so aclnliraùly con- 
structed and so full of beauties that to study them is a liberal educa- 
tion in itself. But tl11s does not necessariJy }lold of every language 
that an official of the British Empire may happen to need. It docs 
not apply to t11e Indian tongues, nor to Chinese, DOl', I should sup- 
pose, to the Feejee dialects. The only human faculty that is tested and 
brought into play in these acquisitions is the commonest kind of IneID- 
ory exercised for a certain time. The value to the Rcrvice of the DIn11 
that can excel in 8poken languages docs not lie in his superior aclmin- 
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istrative ability, but in his being booner fitted for actual duty. Un- 
doubtecUy, if t,,
o men go out to Calcutta so unequal in their kno,vl- 
edge of native languages, or in the preparation for that knowledge, 
that one can begin ,york in six months, while the other takes nine, 
there is an important difference between them. But 1vhat is the ob- 
yious mode of rewarding the differences? K ot, I should think, by 
pronouncing one a higher Ulan in the scale of the competition, but by 
giving him some money-prize in proportion to the redemption of his 
time for official work. 
N ow, as regards the second kind of languages, those that are sup- 
posed to carry with thenl all the valuable indirect consequences that 
we have just reviewed. There are in the Civil Service schclne five 
such languages-the two ancient, and three 'modern. They are kept 
there, not because they are ever to be read or spoken in the service, 
but because they exercise SOlne magical efficacy in elevating the 
whole tone of the human intellect. 
If I were discussing the Indian Civil Service in its own special- 
ties, I would deprecate the introduction of extraneous languages into 
the competition for this reason, that the service itself taxes the verbal 
po'wers more than any other service. I do not think tbat Lord 1\la- 
cauby and his colleagues had this circumstance fully in vie\y. ßla- 
caulay .was hilnself a glutton for language; and, while in India, read a 
great quantity of Latin aud Greek. But he ,vas exelnpted froln the 
ordinary lot of the Indian civil Rer\Yant; be had no native languages 
to acquire and to use. If a Ulan hoth speaks and "Trites in goocl Eng- 
lish, and converses fan1iliarly in several Oriental dialects, his lan- 
gnage-memory is sufficiently well taxed, and if he carries 'with hilll 
one European language besides, it is as much as belongs to the fitness 
of things in that departInent. 
l\Iy proposal, then, goes the length of excluding all tllese five cul- 
tivated languages from the competition, not,vithstanding the influence 
that they may be supposeù to have as general culture. In supporting 
it, I shan assnlne that everything that can be said in their favor is 
tnle to the letter; that they assist us in our language, that they cul- 
. tivate logic and taste, that they exemplify universal gramInar, and so 
on. All that my purpose requires is to affirnl that the same good 
ends 1nay be attained in other ways; that Latin, Greek, etc., are hut 
one of several instnunents for instructing us in English composition, 
reasoning, taste, and so on. J\Iy contention, then, is that the ends 
theu1selves are to be looked to, and not the nlcans or instruments, 
since these are very various. English composition is, of course, a 
valuable end, whether got through the study of Latin, or tbrough tbe 
study of English authors themsél Yes, or through the inspiration of 
natural genins. 'Vhatever amount of skill and attainment a candi- 
date can fihow in this c1epartInent should be valued in the exan1Ïna- 
tion for English; and all the good that Latin has done for him would 
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thus be entered to his credit. If, then, the study of Latin is found 
the best means of securing good nlarks in English, it ,,
ill be pursued 
on tlutt account; if the candidate is able to discover other less labori- 
ous ,vays of attaining the end, })e will prefer these "TarS. 
The same applies to all the other secondary ends of language. 
Let them be valued in their own departnlents. Let the in)IH'OYEment 
of the reasoning faculty be counted ,vherever that is shown in the ex- 
amination. Good reasoning powers will evince thenlselves in l1lany 
places, and will have their reward. 
The principle is a plain and obvious one. It is the pa)'ment for 
results, "Tithout inquiring into the means. There are certain extren1e 
cases ,vhere the means are 110t improperly coupled 1vith the results in 
the final exåmillation; and these are illustrations of tl)o principle. 
Thus, in passing a candidate for the medical profession, the final end 
is his or her knowledge of diseases and tbeir relnedies. As it is 
. admitted, ho"Tever, that there are certain indispensable preparatory 
stndies-anatonlY, physiology, and materia medica-such studies are 
made part of the examination, because they contribute to the testing 
for the final end. 
The arguIl1ellt is not conlplete until 'we survey another branch of 
the suhject of exan1Ïllatiol1 in languages. It ,vill l)e observed in the 
wording- of the progran1me that each separate ]anguage is coupled 
with" literature and history." It is the language, literature, and his- 
tory, of Ron1e, Greece, etc. And the exan1Ïnation-questions show the 
exact scope of these adjuncts, and also the values attached to thenl, 
as compared witb the language by itself. 
Let us consider this Dlatter a little. Take history first, as being 
the least involved. Greece and Rome have both a certain lasting im- 
portance attaching to their history and institutions; and these, ac- 
cordingly, are a useful study. Of course, the extant "Tritings are the 
chief groundwork of our knowledge of these, and l11ust be react TIut 
at the present day all that can be extracted fronl the originals is pre- 
sented to the student in English books; and to these he is exclusively 
referred for this })art of his know-Iedge. In tlle snlall portion of 
original texts that a pupil at 
chool or college toils through, he 
necessarily gets a few of the historic.al facts at first hand, but he 
could llluch more easily get these few where he gets the rest, in the 
English compilations. Adn1Ïtting, th(1n, that the history and institu- 
tions of Greece and Rome constitute a valuable education, it i:s in our 
power to secure it independently of the original tongues. 
The other branch-literature-is not so easily disposed of. In 
fact, the separating of the literature from the language, you will say, 
is a self-evident absurdity. That, however, only sho,ys that yon have 
not ]ooked carefully into ex:ul1ination-papers. I am not concerned 
with wltat the a ]J'l"iori inlagination may suppose to be literature, but 
with the actual questions put by examiners under tllat nal11e. I find 
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that such questions are, generally speaking, very few, perhaps one or 
two in a long paper, and nearly all pertain to the out'works of litera- 
ture, so to speak. Here is the Latin literature of one paper: In 
what special branch of literature were the 110luans independcnt of 
the Greeks? 
Iention the l)rincipal "Titers in it, with the peculiar 
characteristics of cacho ""'ho "Tas the first to employ the hexameter 
in Latin poetry, and in what poem? To what language is Latin most 
nearly related, and what is the cause of their great rcselnblancc? 
The Greek literature of the saIne examination involves these points: 
The Aristophanic estÏ1nate of Euripides, ,vith critici
nls on its taste 
and justice (for '\vhich, ho'wever, an historical subject is given as 3.11 
alternative); the Greek chorus, and choric metres. Now, such an ex- 
an1Ïnation is, in the first place, a most mea
re view of lÌterature: it 
does not necessarily exercise the faculty of critical discernn)(
llt. In 
the next place, it is chiefly a matter of compilation from English 
sourcps. the actual readino-s of the candidate in Greek and Latin 
, 0 
'\vonld be of little account in the matter. Of course, the choric me- 
tres could not be described ,vithout some know ledge of Greek, but 
the matter is of very trifling ilnportance in an educational point of 
Vle'w. General1y speaking, the questions in literature, which in num- 
ber bear no proportion to historical questions, are such as might be 
included under history, as the department of the history of literature. 
The distribution of the 750 marks allotted respectiyely to Latin 
and to Greek, in the present scheme, is this: There are three papers- 
two are occupied exclusively with translation. The third is language, 
literature, and history: the language means purely grammatical ques- 
tions; so that 583 marks are given for the language proper. The re- 
Inaining number, 167, should be allotted equal1y between literature 
and history; hut history has always the lion's share, and is, in fact, 
the only part of the ,,
hole examination that has, to Iny Inil1d, any 
real worth. It is generally a very searching view of ÏInportant insti- 
tutions and e\
ents, together ,vith what nlay he called their philosophy. 
N ow, the reform that seems to me to be wanted is to strike out every- 
thing else from the examination. At the same time, I shouhllike to 
see the experiInent of a real literary examination, such as did not 
necessarily irnply a know ledge of the originals. 
It is interesting to turn to the examination in modern languages, 
where the ancient scheme is copied, by appending literature and his- 
tory. II'.:
re the literature is decidedly more prol11inent and thorough. 
There is also a fair paper of history questions. 'Vhat strikes us, ho,v. 
ever, in this, is a slavish adherence to the form, without the reality, of 
tho ancient situation. ',e have independent histories of Greece and 
Rome, but scarcely of Germany, France, and Italy. Instead of par- 
titioning motlern European history among the language-examiners 
for English, French, German, Italian, it ,,
oulcl be better to relieve 
them of history altogether, and place the suhject as a w])ole in the 
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hands of a distinct examiner. I would still allow nlerit for a litf'rary 
examination in French, German, and Ita1ian, but woulù strike off the 
languages, and let the candidate get up the literature as he cl10se. 
The basis of a candidate's literüry know ledge, and. his first introduc- 
tion to literature, ought to be his own language; but he may extend 
his discrilnination ana his power by other literatures, either in trans- 
lations or in originals, as he pleases; but the exan1Ïnation, as before, 
should test the discrimination and the power, ana not the vocabulary, 
of the languages themselves. 
In order to do full justice to classical antiquity, I would allow the 
present markings to continue, at the rate of 500 for political in
titu- 
tions and history, and 250 for literature. Some day t11Ïs will b(> 
thought too much; but political philosophy or soci010gy may become 
nlore l3ystematic than at present, and. history questions will then take 
a different fonn. 
In like manner, I would al}olish the language-examination in 
modern languages, and give 250 marks for the literature of each of 
the three modern languages-French, German, Italian. 'The history 
\voulù be taken as modern history, with an adequate total value. 
The objections to this l)roposal will mainly revolve themselves 
into its revolutionary character. The remark will at once be made 
that the classical languages ,yould cease to be taught, and even the 
nloc1ern languages discouraged. The meaning of this I tnke to be, 
that, if such teaching is judged solely by its fruits, it must necessarily 
be condemned. 
The only way to fence this unpalatable conclusion is to maintain 
that the results could not be ful)y tested in an exalnination as sug- 
gested. Some of these are so fine, Ünpalpable, and spiritual in their 
texture, that they cannot be seized by any questions that can be put, 
and would be dropped out if the })resent system were changed. But 
results so untraceable cannot be pro,'ed to exist at a11. 
So far fron1 the results Leing missed by disusing the exercises of 
translation, one might contend that they ,vould only begin to be ap- 
preciated fairly when the whole stress of the examination is put upon 
them. If an exanliner Sf'ts a paper in l
on1an Ia"r, containing long 
Latin extracts to be translated, he is starving the examination in law 
by subf-1tituting for it an exan1Ïnation in IÆtin. 'Vhatever knowledge 
of Latin terminolog-y is necessary to the knowledge of law should be 
required, and no more. So, it is not an exalnil1ation in Aristotle to 
require long translations from the Greek; only by dispensÏI)g with all 
this does the main subject receive proper attention. 
If the properly Jiterary part of the present exnnlinations were 
much of a reality, there would be a ni{'e discussion as to the amount 
of literary tact that could be inlparted in connection with a foreign 
language, as trans1atcd or translatable. TIut I have n1ade an an1ple 
concession, when I propose that the trial should be made of examin- 
VOL. XII.-ll 
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ing in literature in tbis fashion; and I do not see any difficulty l)e- 
yond the initial repugnance of tbe professors of languages to be em- 
ployed in this task, and the fear, on the part of candidates, that undue 
stress might be placed on points that need a knowledge of originals. 
I will conclude with a remark on the apparent tendency of the 
wide options in the commi
sioners' scheme. Noone subject is obli- 
gatory; and the choice is so wide tbat by a very narrow range of 
acquirements a man may sometimes succeed. . No doubt, as a rule, it 
requires a consider
ble mixture of subjects: both sciences and litera- 
ture have to be included. But I find the case of a nlan entering the 
India service by force of languages alone, which I cannot but think a 
miscarriage. Then the very high marks flssigned to mathematics 
allow a man to win with no other science, and no other culture, but a 
Iniddling examination in English. To tho
e that think so highly of 
foreign languages, this must seem a much greater anomaly than it 
does to Jne. I ,vould prefer, ho,vever, that such a candidate had trav- 
ersed a wider field of science, instead of excelling in high mathemat- 
ics alone. 
There are
 I should say, three great regions of study that should 
be fairly represented by every successful candidate. The first is the 
sciences as a whole, in the form and order that I have suggested. The 
second is English composition, in which successful men in the India 
competition sometimes show a cipher. The third is wbat I may call 
loosely tbe humanities, meaning the department of institutions and 
history, with perhaps literature: to be computed in any of the regions 
of ancient an(l modern history. In everyone of these three depart- 
ments I would fix a minimum below which the candidate must not 
fall. 


... 


ON TIlE CO)!P ARATIVE STUPIDITY OF POLITICIANS! 


W E owe an apology to a very respectable class of persons for 
the apparent, but we trust only apparent, and certainly invol- 
untary, discourtesy of the thesis to which we invite attention. The 
late 1\11'. 1\lill, in a well-known passage, calleil the Conservatives the 
stupid party. 'Ve do not call them so, nor their opponents. All we 
venture to assert of both is, that in a universe of graduated intelli- 
gence they are not highest in the scale. The great majority of even 
prominent politicians have just the gifts which make a man conspicu- 
ous in a town-council or a board of guardians: physical energy, IDoral 
persistency, and ideas on a level ,vith those of their fellows. 
Ii
s 
:i\Iartineau, in her very candid" Autobiography," has recorded her 
seuse of the mental and moral inferiority of the political men with 
1 Condensed f ro
 Fraser' 8 ],[agazine. 
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\vhom, during her period of lionizing in London, she was brought 
into contact, as compared with.the men of hÜters, and still more with 
the men of science, \vhose acquaintance she made. She observed in 
the politicians a much lower type of mind and character, expressing 
itself even in a certain vulgarity of manners, the lo,,
est point being 
reached in all these particulars by the Whig aristocracy of the day. 
In the long prevalence of an aristocratic monopoly, diminished 
now, but not altogether done away with, and subsisting still in its 
effects even more powerfully than in itseIf
 one of the special causes 
of tbe comparative stupidity of politicians in England may be dis- 
cerned. But the evil is inherent in the very conditions of what 
. are called practical politics. The real development of mind is to 
be sought in what 
Ir. Arnold calls its disinterested play in science 
and art. Discipline in the methods of research after trutb, famil- 
iarit y with the highest conceptions of the universe, delight in the 
most perfect forms of expression, whether they take the shape of lit- 
er
ture or of the plastic and imitative arts, tbese are the feeders and 
})urifiers of the mind. The artist, including the author as well as 
the sculptor, the painter, and the actor, and tbe man of science, live, 
so far as they are true to their work, in tlie society of Nature and of 
its great interpreters. They are constantly in the presence of their 
betters. The statesman lives habitually in the society of county and 
borough me
bers; or, if we restrict our view to the intimate associa- 
tions of the cabinet, of men little, if at all, above these intellectually. 
In other 'words, the finest mind is habitually in the presence of its in- 
feriors, "Those ideas and impulses are to it 'what his daily beer was to 
1\11'. Justice l\Iaule, the instrluì1entality ,vith wllÌch he brought ]lÌm- 
self down to the level of his work. lIe must think their thoughts 
and Rpeak their language. To be oyer their heads, to ùe, as a dex- 
terous politician said of a great philosopher, too clever for the House 
of Commons, to have nobler and farther-reaching conceptions than 
they, is to commit the sin for which there is no parliamentary for- 
giveness. It is sometimes said tI1at the IIouse of Commons is 'wiser 
than any single menl bel'; a saying which, according as it is inter- 
preted, is either an absurdity or a truisln. It may menn, what is in- 
disputahle, tbat the whole is greater than tho part, or, what is im- 
possible, that the average is higher than the elements 'which raise it. 
The IIonsc of Commons can only be wiser than some particular mem- 
ber by following the guidance of some other member who, on that 
particular occasion, is "Tiser than he; that is to say, it is wiser than 
one of its less "Tise members. The saying, however, is intended to 
affirm the position that intellectual superiority is not the truest guide 
in polities, or, in other "
ords, tllat politicians, in so fitr as they are 
successful) are comparatively stupid, a position which we are far froll1 
disputing. On tb(1 contrary, we affirm it as a truth of observation 
and experienc
, and are at the present moment doing our best to ac- 
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count for it. As regarùs the proposition itself, it means simply that 
tbe House of Con1llions knows its own mind, such as it is, and, what- 
ever the worth of that knowleùge, better than any single member of 
it; and as a rule the average member who is in sympathy with it will 
interpret it better than the member of much higher powers who is 
above its level. But it is only wiser than its wisest members in the 
sense in ,yhich the field may be said to be ,viser than the farmer, or 
the ocean than t1le navigator; that is to say, in no intelligible sense 
at all. Like Nature, if it is to be commanded it must be obeyed, and 
the necessity of understanding it is, by confusion of thought, taken 
for its understanding of itself: 
The inferior society in ,vhich politicians live, inferior in inte1Ji- 
gence and cultivation, and the llecessitý of adapting their own 
thoughts and aims to those of the ordinary minds and characters 
they have to influence, brings about the decline and deterioration of 
Inen of originally fine endowlnents. It either prevents these qualities 
frolu developing, or stunts them where they have a certain degree of 
growth. Their" nature is subdued to what it works in, like the 
dyer's hand." This evil is in part qualified by another. It is chiefly 
the second-rate order of minds and characters that betake themselves 
now to politics in England-minds already on the level to which 
superiority needs to be reduced before it can be effective. For this 
reason, probably, whenever an occasion demands a hero in politics, he 
has been seldonl found in the walks of professional stateslnanship. 
'l"he national crisis which asks for a deliverer findg hin1 not among 
those ,vho have been deteriorated and dwarfed by the ordinary work 
and associations of politics, but in a man who has lived among nobler 
ideas and associations, and culti ,-ated a larger and more liberal na- 
ture. The practice of aft1tÌrs is, no doubt, a discipline of sonle value; 
but nearly everything depends on ,vhat the affairs are. To manage 
the Houßo of Conlmons, to get bills through cOlllmittee, to administer . 
a public office, does not seem usually to be good training for very 
difficult business. 'Vhen a considerable emergency occurs there is 
almost invariahly a breakdown of the departments. The true dis- 
cipline of public business is to teach men readiness ill action and fer- 
tility in resources. Its ordinary effect is to Ilarc1en them in routine, 
,vhich suits poorly enough even the common round and the daily task 
of business, and which is a hinderance, and ,vhich may be ruin when 
necessities, transcending precedents and rules of office, have to he 
encountered. The fact is, that the training of affairs, invaluable as it 
is, seldom bears its proper fruit, unless the affairs are a man's own, or 
when the consequences of failure are sure to come upon him in a 
rapid and crushing nUlnner. The Inerchant or capitalist, whose veut- 
ures depend upon his personal vigilance; the engineer, who bas to 
deal with overwhelnlÍng physical forces; the military commander, 
who ha
 to contend at once with the not always benevolent neutral- 
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ity of Nature and the watchfulcess of human enemies, caunot afforà 
to take things easily. Action is forced upon them; they must either 
succeed or conspicuously fail. In politics, usually, the state of things 
is entirely different. The demand is rarely made for heroic measures; 
the prudence which is taught is that rather which shuns difficulty and 
dreads failure, than that blending of caution and audacity ,vhich finds 
in the way of seeming danger the true path of safety. The educa- 
tion of practice in parliamentary politics is, therefore, for the most 
part, an education in the arts of inaction, evasion, and delay. The 
blame of doing nothing is usually less than the blame of doing amiss. 
A great writer, whose instinctive sagacity was often wiser than the 
elaborated reflections of more painful thinkers, embodied the char- 
acteristic weakness of political training in England when he made 
" IIo\v not to do it" the aim of our statesmen. Lord l\felbourne's 
" Can't you leave it alone?" gave expression to the same paralysis of 
action in exeessive caution and prudence. Politics of this sort will 
attract feeble minds and characters, or ,vill enfeeble those naturally 
stronger. The oratory which they foster will be that of mystification, 
amusement, and exciten1eJ)t. Acquaintance with politic:l1 philosophy 
or economic science will be felt to be wholly superfluous. Even that 
en1pirical knowledge of his age and country, and of the assembly in 
and through which he rules, which are e-ssential to every practical 
statesman, will be little more than the charlatan's or demagogue's ac- 
quaintance with the foibles and passions of popular sentiment and 
opinion. The admiral who boasted that he brought his ships home 
uninjured from seas in which he had not encountered the enemy, and 
the Frenchman w'hose achievement it was to have kept himself alive 
during the French Revolution, represent the prevalent aims of modern 
statesmanship. A ministry exists to keep itself in existence; if the 
ship, ,vithout going anywhere or doing anything, can be kept afloat, 
that is held to be all that can be required. This .fainéant policy does 
not require any high range of intellect. l\Ien of the first order will 
seek careers which afford ampler scope to capacity. If they betake 
themselves to public life, which affords them no opportunity of great 
public work, there is danger of their devoting their energies to their 
own })rivate and personal ends; or, merely to establish a character 
for" honesty" ,viII often prove enough to repose on. A picture, a 
statue, or a poem, does not receive additional value fro'm the fact that 
its author is a very pleasant and straightforward sort of fellow; but 
" honest Jack Althorp's " statesmanship rested entirely on this basis 
of charactCl'; and a late parliamentary leader 1)as been commended 
on the ground that" there is not the making of a li(' in hiIn." A 
career in which character may be a substitute for capacity n1ust, from 
the natnrp- of the case, be pursued on a lo,ver intellectual level than 
those in which intelligence and cultivation and general or special 
knowledge are absolutely essential. 
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The natura] and almost necessary inferiority of politicians as a 
class i:5 compatible with the unsurpassed intellectual and moral great- 
ness of statesmanship of the highest class. l\Ien are not wanting in 
the history of any country, least of all in that of ours, and they have 
representatives among us now, who have found or made 'work for 
themselves to do which taxes the very highest gifts, and in the doing 
of which the very humblest and most commonplace allies and in
tru- 
ments acquire a sort of transfiguration. Their appearance and exer- 
tions mark the high-water point in the national life, an epoch of brief 
but fruitful work, an epoch of civil heroism. But tbe languor comes 
after the exertion; and in such a period of languor we s
em now. to 
be plunged. Even the men who counted for much when they fol- 
lowed a great leader beconle mere ciphel's when the figure which 
stood at their head is removed. 
Apart from these singular cases of moral and intellectual ascen- 
,dency, the gifts which make a parliamentary leader are just those 
which make a man popular in society. The cheerful animal spirits 
and vigorous gayety of temperament 'which characterized Lord Pal- 
merston, or the amusing qualities of a public entertainer which 
marked Charles Townshend (not to seek for living illustrations), are 
what it most relishes-the qualities which make a first-rate host in a 
country-house, or an amusing diner-out in tow'n. 


. . . 


THE LARYNGOSCOPE AND RHINOSCOPE. 


HOW THE AIR-PASSAGES ARE EXPLORED. 


By F. SEEGER, M. D. 


F RO)! the above names, most persollS of average culture would at 
once infer that they are instruments for exploring the larynx 
and nose, and yet but few would suspect what sinlple little instru- 
ments they are-merely hits of looking-glass set in a franle and at- 
tached to a bandle. But, ,,-hen they give the matter a little further 
investigation, they are surprised at the greatness of the benefits 
which bave already been reaped by mankind from the discovery of 
these self-same little instruments. They will learn that only a few 
years ,ago physicians were absolutely in the dark when applied to by 
those affiicted with disease of the throat; and that where then all 'was 
darkness, there now is clear light, thanks to the zeal and scientific de- 
votion of Prof. Türck, of the University of Vienna, who in 1857 was 
the first to successfully use the laryngoscope as a means of deter- 
mining the nature of a disease iu the throat of a patient then in the 
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wards of the General IIospital of Vienna, of which latter Türck was the 
physician-in-chief. Justice and the truth of history, however, require 
that ,ve should not omit mentioning the experin1cnts and efforts of 
Senn, of Geneva (1827); Babington, of London (1829); BeUoc, of 
Paris (1837); Baumes, of Lyons (1838) ; Ijston, of London (1840); of 
'Varden (1844); and, finally, of !lanuel Garcia, a singing-teacher, of 
London. 'Vith tbe exception of the last, all of the experÍ1nenters had 
been disappointed in their efforts to devise an instrument sufficiently 
suitable and generally practica1. Their experiments all lacked tlzat 
essential jJl"Cwtical elenwnt which made the subsequent labors of Türck 
and Czermak the solid basis for the grand superstructure which has 
grown up since tbeir time. 'VlJile Prof. Türck at Vienna, and Prof. 
Czerrnak, of the U niver
ity of l{rakau, the latter having become 
interested by Prof: Türck in the experiments, were thus developing 
the practical application of the laryngeal mirror (I1ehlko}Jjf"ragen- 
. spiegel, as Türck named it), Garcia, the no,v justly famous Spanish 
tenor and singing rnaestro, and father of the giîted songstress, l\Iali- 
bran, was at the very same tÍ1ne experinlenting in London, but with 
totally diffen::nt purposes. The object ,vhich TUrck and Czermak 
had in view ,vas to make the laryngoscope available as an adjunct and 
aid to the art and practice of Inedicine, or, in other words, as a means 
of diagnosis in disease of the throat. Garcia, on the other l1and, 'was 
prompted by a desire to observe the actions of the vocal cords and 
larynx when producing tones and sounds. His observations were 
published in the Royal PldlosolJldcal .J.lfagazine and Journal of 
Science (vol. x., 1855), and they constitute the first physiological rec- 
ords of the hUll1an voice as based upon obser\Tations in the living 
subject. It is interesting at this date to turn to his ren1arks and to 
note the thoroughness therein displayed. The curious may refer to 
l\Iadame Seiler's" The Voice in Singing," or to tbe writer's transla- 
tion of Sieber's "Art of Singing." It is ùut proper to add that 
although Türck and Garcia ,vere thus experimenting at one and the 
same time, neither, however, knew of the other nor of his efforts. 
Garcia accomplished his aim by standing with his back to the sun 
and catching its rays upon a looking-glass held in his left halld, ,vhich 
he then reflected into l1Ìs opened mouth. N ext he carried a dentist's 
mirror to the back of his mouth; and tbe sun's light which, in the first 
instance, was reflected from the mirror in the hand, being in turn 
reflected upon the dentist's mirror, served to illuminate the larynx 
belo,v, and thus caused its picture to become visible in the dentist's 
nlirror. TUrck also used the sun's rays, but in a more direct nHtnner, 
viz., ,vithout previous reflection. Prof. Czermak, as already remarked, 
soon became interested in Türck's experiments, and, borro"\ving some 
of TUrck's mirrors, repeated the expcrin1ents. IIis labors resulted in 
a yet further and most briJIiant development of tbe subject, by his 
introdul'tion of a powerful artificial light, thus making us independent 
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of sunJight., and enabling an examination to be made at any time of 
the day or 11 ight. 
For the clearer comprehen:-5ion of the reader, I here introdnce cut 

 o. 1, which depicts the laryngoscope, or laryngeal n1Ìrror. At the 
left end ,ve see the mirror, which is set in a silver frame and hack; 
this in turn is attached to a metal stem, and the stem itself is set in a 
wooden handle, 'which latter is merely a m3.tter of con venience by 
which the physician is enabled to handle it with more ease and facil- 
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ity. The Inirror is made of various sizes, froin that of a cent to 
that of a silver h alf-dol1 aI', and is so attached to the steIn as to 
describe an nngle of 120 0 to 125 0 . 
Prior to the discovery of the laryngoscope, the great obstacle to 
the diagnosis and comprehension of disease of the larynx lay in the 
fact that this organ was so placed as to be at an ahnost direct angle 
to the line of vision. If we look into the mouth of another person, 
we see the back of the nlouth; but if we wish to see the larynx, or 
organ of tone and voice, we are unable to do it, even though its posi- 
tion is just back of and below the root of the tongue. And, even 
though we press down the tongue, "Te derive no aid. N or are we 
enlightened by symptoms of pain or discomfort in the throat, for 
these are not only insufficient, but may be ahsolutely deceptiv<? A 
patient may complain of aches and pains, and may inlagine them in 
the larynx, and all the while the organ be in a perfectlr sound state; 
and, on the other band again, grave forms of throat-disease may exist, 
and ,vith so little of actual pain as to cause tIle victim Jw.rdly any 
nneasines
. The revolution in thi
 department of tbe medical art may 
perhaps be best illustrated when I refer to the fact that ere the intro- 
duction of the laryngeal mirror, barely twenty years ago, there were 
but two or three forms of laryngeal disease recognized or treated of 
in the text-books on tIle practice of nlec1icine. At the present time, 
the study of the numerous and varied disenses of this .wonderfullittle 
organ, the larynx, has nlac1e Rnch strides that laryngolof!Y has, like 
ophthalnlology, otology, and gynæcolog:y, demanded and received 
recognition as a separate and diF:tinct department of Inedical prac- 
tice, ana has its Rpecial practitioners in alnlost eyery city of size 
and population. "ThereaR, forlnerly, the two or three recognized 
forms of throat-disease were disn1Ïssed in a scant dozen of pages in 
the medical text-works, we now have exhaustive and elaborate trea- 
tises in all of the great languages of the civilized world. T"renty 
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years ago inflammation, laryngeal phthisiF:, or, popularly speaking, 
throat - consunlption, and ædema, constituted the th).'ee recognized 
forms of throat-affection; but, in eight Yf'al'S from the first practical 
application of this instrument, the revolution was such that separate 
treatises described and treated of forty and more yarieties of disease, 
such as acute laryngitis and the various acute affections; simple 
chronic laryngitis, chronic ulcerative laryngitis; of six or seven forms 
of inflanlmation of special parts of the larynx; of tubercular and 
syphilitic laryngitis, ædema, abscess, etc. N ext we ,find descriptions 
of the diseases which attack the laryngeal cartilages or fi'amework 
of the larynx, as perichondritis and chondritis. Then follow nervous 
forms of derangement, and then paralytic forms of difficulty. In the 
fir:;;t we have conditions of nervous exaltation, such as spasmodic 
coughs, spasms, etc. Under the second head we ba ve paralytic affec- 
tions of the vocal cords and laryngeal nluscles. These paralytic 
difficulties of the larynx lllay exist in the larynx without much or 
even any Í1npairment of the general health. Then we have anæmia 
or impoverisheJ blood-supply, and finally the varied forms of tumors 
and Inorhid gro-wths, cancerous, syphilitic, etc. I might prolong this 
list yet further, and even dwell at length upon the nlany and ingen- 
ious instruments for operating within the larynx, but to do 80 would 
be to exceed the limits of my article. 
The rhinoscopic n1Ïrror, or rhinoscope, is practically but a laryn- 
geal mirror of a smaller size. The stem and handle are the same, and 
attached in the same manner, at about the same angle, but there is 
the difference of n, much smaller size as corn pared to the laryngo- 
scope, the mirror being usually n,bout the size of a silver three-cent 
piece. Its use is to enable us to see the back or inner parts of the 
nose (posterior nares), and the upper part of the pharynx or vault of 
the back of the nlouth. Its discoyery, which occurred soon after that 
of the laryngoscope, is due to tbe patience and genius of Czernlak, 
and 'was a direct result of the discovery- of the lar)Tugeal nlirror. 
The parts which it enables us to see are hidden belJind and aboye 
the palate, and the office of the rhinoscopic mirror is Einlply to so 
reflect tbe light as to illuminate these parts, and in turn enable 
their image to become visible in the nlirror. In the first instance the 
little mirror is placed at the hack of tIle opened uloud) of the patient. 
At the same tinle a powerful and rIear light from an illunlÏnating 
apparatus is directed into thp patiC'nt's month, and t he rays striking 
upon the Inirror are so refl
('ted upward and forward fiS to illurninate 
the parts we seek to examine, and these are then, fiS just remarked, 
made visible in the mirror. And in this principle lies tIle entire secret 
of the art of making a laryngoscopic or rhinoscopic examination. It 
is simply a dexterous management of mirrors to secure pro})er reflec- 
tion of light, and the consequent illun1Ínation and examination of hid- 
den recesses. 
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The rhinoscope also enables us to examine the nasal or pharyn- 
gealorifices of the Eustachian tubes. These latter are passages lead- 
ing from the inner sid
 of the drum of the ear, and opening, as 
already indicated, at a point situated in the posterior nasal parts. 
It is not the province of this article to enter into minute or pre- 
cise detail, and therefore we shall merely add that these tubes 
bear a very in1portant relation to the faculty of hearing. If the 
nasal orifices of these tubes become swollen by disease, or choked 
,vith diseasecllllucns, greater or less impairment of the hearing-power 
results. Consequently, tbe lhinoscope has rendered no small service 
to us for determining causes of deafness, and of curing them, whioh 
forn1erly were but guessed at or remained unknown. 
But to make the laryngeal and rhinal mir
ors available, tbe artifi- 
cial illumination of these parts is necessary. To depend upon the sun's 
rays, as ,vas the case 
vith the original experiments, was too uncer- 
tain. Czermak, as we have seen, substituted artificial light, and thus 
enabh
ù an examination to be made at any hour of the day or night. 
Tobold, of Berlin, after a till1e, brought forward an apparatus which 
is depicted in the following cut, and which embodied the most perfect 
apparatus of the time. The cut also shows us the position of the 
patient and of the examiner. 
As introduced by him, it consisted of a common study-Ialnp: a 


?'"( 


..... 
... 


FIG. 2. 


is a brass tube, or light-condenser, in which are convex lenses, c, d, g. 
The lenses c and d, it will be observed, are close together, while the 
tbird, g, is at the distal extremity of this brass tube. At f this brass 
tube can be unscrewed, thus enabling the cleansing of the lenses. 
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The lens [J can also be renloved at h. 'in is a brass arm having tbree 
joints, and fastened to the laynp. At the extren1ity of this arm is a 
perforated knob, 8, through which the handle of the reflector, i, is 
passed, and which is fastened by a screw. At 0 is a single cha'J"Jdére 
joint, which permits of tbe forward or backward motion of tbe 
reflector-the illuminating agent being oil. By substituting gas 
burned through an Argand burner, and fed from any ordinary burner, 
the apparatus has been made more available, and better light obtained. 
The following cut represents the Í1nproved apparatus as no\v made. 
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FIG. 3. 


It is not necessary to dwell upon the changes. Suffice it that by 
these tIle apparatus has ùeen made much more ready and sinlple in 
nlanagement, and less liable to derangement of focus at inlportant 
moments ,,
hen a steaày light is needed for intra-laryngeal operations. 
It is here that we should call a brief attention to the va:;t strides 
which, under the influence of the laryngoscope, have been eflèctcd in 
the operative procedures upon this organ. All of these an: now made 
by means of instrunlents curved at a direct. angle to the line of vision, 
and in none of these operations does the operator directly see the 
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objective point. IIis operations are all made under the guidance of 
the image which he sees reflected in the laryngeal mirror, and are 
comparatively bloodless and accompanied by little or no pain. 
A laryngoscopic examination is made as follo,,'s: In the second 
cut ,,
e see tbe positions of tbe examiner and patient. The patient 
opens his nlouth as widely as possible, and at the san1e tinle })rotrudes 
his tongue. The examiner, theu, with a Emall napkin takes the pro- 
truded tongue between his thun1 b and forefinger, thus gently steady- 
ing it and preventing its slipping back into the Hlouth. The object 
in thus protruding the tongue is to enlarge the cavity of the month as 
much as possible. The laryngeal mirror is next warmed either over the' 
chimney of the illuminator or in some wann water, so as to prevent 
its becoming obscured or dimmed by the brea'th. It is then quickly 
and dexterously carried to the back of the nlouth. A bungling man- 
ner of doing this, by causing great irritation of sensitive parts of tbe 
mouth, causes gagging and even vomiting, and, this once excited, 
all further examination is either very difficult or impossible at this 
sitting. It is not to be taken for granted, ho,vever, that examinations 
can readily be made in all cases, nor eyen in the larger majority 
of the patients. 'Vith 11lany there is no trouble, but there are also 
quite a I1l1mber of patients whose throats are so irritaùle from disease 
as to prevent the introduction of the lar)yngoscope. III other cases 
the patient's tongue has an almost irresistible tendency to keep rising 
up towar"l the roof of the mouth and thus obstruct tbe yie,v. En- 
largement of the tonsils according to the degree of their enlarge- 
ment nUlkes an examination either very difficult, or else, if so much 
enlarged tbat tbey meet and almost close up the throat, nlakes it 
impossible until the enlargement has been reduced. For the over- 
coming of mere irritability of the throat or fauces w ben this per- 
tains to a degree sufficient to be troublesome, various means have 
been resorted to, to produce local anæsthesia of the fauces. A piece 
of ice held in the lllouth, the ,vater being swallo,vec1, is one plan. 
Another is to drop twenty drops of chloroform on a handkerchief 
and let the patient inhale it for a Ininute. With most cases of 
irritable throat this is quite sufficient, and without at all rendering the 
patient drowsy or uncomfortable. Bromide of potash has been used, 
but has not given satisfaction practical1y. 
The exarniner, having avoided touching the back of the tongue 
and of the pharynx with the Inirror, carries it, as already said, to the 
back of the nlouth to an oblique position below the soft palate and 
with the uvula or " drop" of the palate at its back. The rays of light 
from the illu1l1inatil1g apparatus, striking the laryngeal mirror, are 
then reflected in a downward direction and light up the varts (the 
larynx) belo,v. These, being illuminated, are in return depicted 
upon the laryngeal mirror aboye. The process may be compared to 
that of the management of toilet-mirrors to enable us to see the back 



THll LARJTNGOSOOPE AND RHINOSOOPE. 173 


of the bead. In the latter proceeding it is not tbe Lack of the head 
.which we see, but, as is hardly necessary to add, merely its reflec- 
tion in the mirror. 
And at this point 1ve should remark that, while the laryngeal 
examination to one versed in tbe art is comparatively easy, the 
rhinoscopic examination, on the other band, is a very difficult mattpr, 
and calls into play no sruan amount of skill and ingenuity. The rea- 
sons for this are Inainly because of the unruliness of n10st palates, 
\vhich have a tendency to bob up and ùown in a very provoking 
manner. 'Ve shall not dwell further upon this point, Lut briefly add 
a. few remarks as to what this instrument bas done for us. 'VIH:re 
,ve can apply it we are no longer in the dark as to whether a case of 
disease is that of a. chronic catarrh, nasal tumor, Eimple illflamn1ation, 
swplling, or ulceration. In our climate, in which diseases of the nasal 
cavities, and particularly catarrh, are so l)revalent that it has been 
estimated that 10,000,000 of our })eople have the disease called 
catarrh to a greater or less degreC', every advance l>y which we are 
enabled the more successfully to conlbat these complaints is of gen- 
eral interest and importance. J-Iow potent our clinlate is in causing 
catarrh is illustrated in the case of Charles Dickens, wl10 ('ontracted 
it so rapidly and severely as to nece
sitate his abandoning many en- 
gagements and compel bis flight from this country. Interesting is 
the fact, which Darwin records in his" Descent of J\Inn," that the 
Cebus azaræ, a species of Paraguayan monkey, is liable to catarrh 
with a11 of the symptoms found in his lnore human relatives, and 
,vhich w hen often recurrent leads in them to consunJption. 
The }}igher animals, ]ike man, are endo"
ed with an organ of voice 
and sound, but man alone has the supreme gift and facnlty of express- 
ing the ideas and thoughts which his intellectual endowments and 
powers give rise to, or, plainly speaking, he alone 11ns an articulate 
language equal to the expression of most of his feelings and senti- 
ments. Ho\v \,,"onderful, then, it becomes to us ,vhen we study the 
little organ which has the great task of placing Ulan in direct COlll- 
munication with his fellow-beings! And how ,yonderfnlly this little 
organ 1110dulates its tones in accordance with the varying degrees of 
emotion and earnestness! And when we consider that each voice has 
its own peculiarities and characteristics ,vhich distinguish it from all 
others, our interest deepens. And yet there is little or iu fact no dif- 
ference in the 111('chani
m of the various kinds of voice, the yariations 
in pitch being due chiefly to the greater length of the vocal cords 
in the low-pitched voices ana to their shortness in the high yoices. 
Tone, whether in speech or song, is sÏ1nplya result of the action of a 
vohllne of air in a quantity whic}) is regulated by the will of the speaker 
or singer, which, coming np from the lungs through the ",rindpipe, 
passes up through the larynx, where it causes the e1nstic vocal cords 
to be put upon tbe stretch to a greater or less degree according as 
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the intended note is high or low, to vibrate, and thus is produced the 
tone which upon its entrance into the pharyngeal cavity and mouth 
becomes articulated, and the sound of which is variously and essen- 
tially modified according to the varying peculiarities of structure and 
formation of the larynx, pharynx, and mouth. It is also changed or 
modulated according as the various parts of the moutb, tongue, pal- 
ate, teeth, and lips, assume different positions. Cultivation of the 
voice also impresses its stamp. The tone-waves, as they rush out of 
the open mouth, communicate their vibrations to the air, which con- 
ducts the sound onward until it reaches our ears, provided we are 
within the reach of these atmospheric vibrations. The difference' 
between a cultivated voice or note is soon dete9ted in the purity and 
regularity with which its sounds reach us as compared to the harsh, 
irregular, discordant waves impelled by one not so cultivated. Jo- 
hannes l\Iüller places the extreme range of the human yoice at four 
octaves, but it is quite seldom that tbe range exceeds two and a 
half octaves. In some phenomenal voices, like those of the gifted 
Parepa-Rosa, Peschka-Leutner, 1\lara, Farinelli, and other great sing- 
ers, ,ye meet with astounding range and power. Parepa-Rosa had 
a voice ranging full three octayes, from so12 to sols; and Flint, the 
learned and indefatigable physiologist, tells that at the W orId's J\Iu- 
sical Festival at Boston, in 1869, she gave the most astounding exhi- 
bitions of the \vonders which this little organ, the larynx, is capable 
of. In some of the solos by l\Iadame Rosa, accompanied by a chorus 
of 12,000 with an orchestra of more than a thousand, and largfly 
composed of brass instruments, Prof. Flint distinctly beard the 
pure and just notes of this remarkable soprano, standing alone, as 
it were, against tbe entire choral and instrumental force; and this 
in an immense building containing an audience of 40,000 persons! 

Iara's voice had compass, with equal ft:tllness of tone, of three oc- 
taves, and she possessed such power of musical utterance that she 
imitated tbe most difficult passages of the violin and flute with per. 
fect facility. Farinelli on one occasion competed with a trumpeter, 
,vho accompanied him in an aria. After both had several times dwelt 
on notes in ,vhich each sought to excel the other, they prolonged a 
note with a double trill in thirds, which they continued until both 
seemed exhausted. At last the trumpeter gave up, entirely out of 
breath, while Farinelli, without .taking breath, prolonged the note 
with reneweil volume of sound, trilling and ending finally with the 
most difficult roulades. 
But these wonderful displays of the power of the larynx must not 
be ascribed entirely to the intensity of the tone, but are in no small 
measure due to tbe absolute mathematical equality of the sonorous 
vibrations and the comparative absence of discordant waves. By t}}C 
degree of tension of the vocal cords which is required for the pitch 
of a prescribed tone, and which, as we have seen, is greater in the 
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higher and less in the lower notes, the muscles of the larynx real1y 
become the determining forces of the ability to tsing, and a great deal 
depends upon securing for them the necessary practice, as for instance 
for the execution of rapid successions of tones. And herein lies tbe 
difference in the voices of singers, the purity of the tone depending 
upon the accuracy with which they put the vocal cords upon the 
stretch, .while in those whose tones are impure and faulty, the difficulty 
lies in their inability to give the requisite tension, and of course the 
muscles take part in the shortcoming. A correct idea of the sound, 
height, and depth, of the tone which the singer intends to communi- 
cate, enables him to strike the correct tension as by intuition, and 
carries him along its continuance, and through its purity of modula- 
tion, until it bas ceased. 


.... 


DR. DRAPER'S LECTURE ON EVOLUTION.1 


ITS ORIGIN, PROGRESS, AND CONSEQUE:8CES. 


W HEN, in the beginning of tbe present year,.! received a request 
to deliver before this Institute a lecture on tIle subject of Evo- 
lution, I was at first disposed to excuse myself. Holding religions 
views which, perhaps, in many respects are not in accordance with 
those that have commended then1selves to Jon, I was reluctant to 
present for your consideration a topic which, though it is in truth 
I)urely scientific, is yet connected with some of the most important 
and- impoRing theological dogmas. 'Vhateyer conclusion is eventu- 
ally reached respecting it ,vill have an influence on them. But there 
'vas that liberality of sentiment in your letter-that earnest de
ire for 
the ascertainment of truth-that I cast aside these hesitations, and 
am now here in obedience to your wishes. 
Not tllat I can do justice in an hour to so great a subject, the 
literature of which ranges through many centuries. It is no new- 
fangled romance, as SOlne would have us believe. It comes to us 
from a venera ù1e antiquity. The theorems it expresses, and indeed 
on .which it is based, have 10ng ago 1)een clearly kno,vn. 
Considering the shortness of the time allotted nle, the Yfist ex- 
tent of the subject, the special character of this audience, and the 
nature of your request, I perceive that it is not an elaborate exposi- 
tion of the evidence in favor of the theory of evolution that I must 


1 The ministers of the Unitarian Church have rf'cently held a meeting of their Insti- 
tute at Springfield, :Massachusetts. They had requested Dr. John 'V. Draper to deliver 
before them a lecture on the subject of Evolution. This accordingly was done on Thurs- 
(þy, October 11 th. Some passages omitted in the lecture for want of time are here in- 
troduced. 
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give, but a reference to those facts connected with it that are of chief 
interest to you. I must bear in mind that this is an institute of cler- 
gymen seeking infornlation on a topic ,vbich they.consider to have a 
bearing on their pursuits, and that it is from 3. corresponding point 
of vie\v that I must present it. 


Two explanations have been introduced to account for the origin 
of the assemblage of organic beings, l)lant and animal, that surround 
us. These are conveniently designated as the hypothesis of Creation 
and that of Evolution. 
The hypothesis of CREATIO:Y asserts that Ahnighty God called 
into sudden existence, according to his gooÒj pleasure, the different 
types of life that we see. This hypothesis has an ecclesiastical form, 
tbat the .world, with all its various animals and plants, .was created 
about six thousand years ago. The ,vorl
 was completed in six days, 
and was perfect, needing no ilnprovemcnt. At the close of each day 
the Almighty surveyed what he had done, and l)ronoullced it very 
good. lie brought all the animals thus made before Adam in the 
garden of Eden to receive their names. There was nothiug more 
necessary, and on the seventh day be rested. 
The hypothesis of EVOLUTION asserts that from one or a few origi- 
nal organisn1s all those that ,ve see have been derived, by a process 
of evolving or development. It will not adlnit that there has been any 
intervention of the divine power. 
The former of these hypotheses consiùers each species as indepen- 
dent of all the others; the second considers them as inter-related. 
Creation reposes on the arbitrary act of God: Evolution on the uni- 
versal reign of law. 
The hypothesis of Evolution in its scientific form presents three 
factors: 1. Heredity; 2. Environment; 3. Adaptation. By heredity 
is Ineant the tendency manifested by an organism to develop in the 
likeness of its progenitor. By environment, the sum total of the phys- 
ical conditions by which the developing organisn1 is F:urroundec1-the 
anlbient world. By adaptation, the disposition so to modify as to bring 
an organism and its environment into harmony. This may be aCCOIn- 
plished either by progression or retrogression. 
As to the origin of organisnH
, it withholds, for the present, any 
definite expression. There are, however, many naturalists who in- 
cline to believe in spontaneous generation. In its most improved form 
it occupies itself with bvo classes of problems, the direct and the in- 
verse, considering in the former the effect of the environment on the 
organisn1, and in the latter deducing from the organism the nature of 
the environment. Thus Schleic1en gathers from the structure of the 
stems of certain pine-trees the distribution of cIin1ates at the time of 
their growth; anrl the ancient geographical connections of 1\Iaclagas- 
car and of Australia may be thus ascertained from their fauna. 
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After a very long and exhaustive sur\'ey of the plants and anÌln::1Is 
of his own 10caIity, and of all that the power and favor of Alexander 
the Great enabled him to insl)ect, this is the result to ,vhich Aristotle, 
the prince of ancient Greek naturalists, came. In the eighth Look of 
his" History of Animals," ,vhen speaking of the chain of living things, 
be says: " Nature passes so gradually frolu inanimate to anÍ1nate 
things, that frOln their continuity the boundary between them is in- 
distinct. The race of plants succeeds Îlnmediately that of inaniulate 
objects, and these differ from each other in the 11roportion of life in 
which they participate; for, compared ,vith Ininerals, l)lants appear 
to possess life, though ,vhen compared ,yith animals they appear in- 
animate. The change from plants to animals is gradual; a person 
might question to "Thich of these classes SOlne marine objects belong." 
Aristotle referred the primitive organisms to 8pontaneous generation. 
In the 
Iuseum of Alexandria the views of Aristotle ,yere greatly 
expanded. There it .was discovered that animated Nature presents 
something more than a mere connection; that each link of Aristotle's 
chain, if such a phraseology must be continued, "
as the descendant of 
its predecessor, the progenitor of its successor. The idea now lost its 
mechanical aspect and assumed a pl1ysiological one. 
We relnark an important extension of tbis yie,v after t1Je conquest 
of Alexandria by the Arabians. If we COIn pare the order of affiliation 
in successive points, it obviously presents a new fact-progress; and 
Hot progress only, but })l"ogress ii-om the inlpprfect to the more per- 
fect. This view included lifeless as ,yell as living Nature. A In-acti- 
cal application of it arose, to which the de
ignation Aichen1Y .was 
given. There is an unceasing l)l'ogression, in whiëh all things take 
part, to a better and nobler state. In this slow developnlent N atnre 
11as no need to hastcn; she has eternity to "
ork in. Thus, in the n1iu- 
eral world, base and un,vorthy metals, such as lead and tin, are slowly 
on their way to perfection. They reach their goal on turning into 
gold. It is, then, for us to ascertain the fayoring conditions, and, by 
hnitatinO' or increasinO' tbem , to hasten on the ,york. 

 ::> 
The literature of those ages is pervaded ,,,ith the idea of the 
mutability of everything-a proneness of all liying beings to suffer 
transnnttation, with changes in the environnlent, or in the physical 
conditions to .which tIley are exposed; and thus arises a slo-w but con- 
tinuous procC'ssion, in t.be unceasing l::1pse of tinle, to the beautiful and 
good. We meet "Tith this in both the serious philosophical .works 
of the l\Iohammedans, and in their lighter ('onlposition
 of ron1ance. 
They wrote books on the production of animals 1)01.11 by generation 
and putrefaction. They thought that in the germ there exists a latent 
force tending to evolve it. Ibn Roschd says: "There are, as respe:>ts 
the origin of living beings, t,,
o opposite theories. S0111e explain 
their existence hy development, others by creation. The latter is tlw 
opinion of the Christians, as ,,"'ell as of our l\Iotac
ncmin." Abubacer 
T"OL. XII.-12 
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accepts the reality.of spontaneous generation by means of putrefac- 
tion and the action of the sun. These philosophers did not hesitate 
to say that the dogma of creation is an inlpossibilitr, an absurd 
opinion, only fit for the vulgar ,vho ,vill believe anything. According 
to these elevated views, living beings are nlerely a movement of mat- 
ter nnder the influence of heat. l\Ian himself is like tbe fhnne of a 
Imnp, a form or shape through which m
terial substance is passing, 
receiying supplies, dismissing ","'astes, and evolving force. As regards 
transmutation, Al I{bazini says that an animal passes through succes- 
sive stages of development, but ,ve must not suppose tbat naturalists 
lnean to say that" man was once a bull, and ,,
as changed into an ass, 
and afterward into a horse, and after that into an ape, and finally be- 
canle a man." , 
Arabian philosophers had therefore speculated on spontaneous 
generation, and the conditions necessary for its occurrence; on the 
development of a germ by the latent force it contains; on the trans- 
mutation of species; and the production of the animal series. They 
had rejected the theory of creation, and adopted that of evolution. 
They had gained ideas respecting the unceasing don1Ïnion of la\\"', but 
at these they had arrived through their doctrine of elnanation and 
absorption, rather than fronl an investigation of visible 
 ature. In 
the religious revolt against philosophy that took place tow
lrd the 
twelfth century, these iL1eas w'ere extern1Ïnated ana never again ap- 
peared in Islam. 


If the doctrine of the government of tbe world by law ,vas thus 
held in detestation by Islam, it was still more bitterly refused by 
Christendoln, in which the })ossibility of changing the divine pur- 
poses was carried to its extreme by the invocation of angels and saints, 
and great gains accrued to tbe Churcb through its supposed influence 
in procuring these miraculous interventions. The Papal Government 
,vas no Inore c1isposecl to tolerate universal and irreversible law than 
its Payninl. antagonist had been. The Inquisition had heen invented 
and set at \vork. It speedily put an end, not only in the south of 
France, but all over Europe, to everything supposed to be not in har- 
nlony ,vith the orthodox faith, by instituting a reign of terror. 
The Reign of Terror in revolutionary France lasted but a fe,v 
l11ontb8; the atrocities of the Commune at the close of tIle Franco- 
German War only a few clays; but the Reign of Terror in Christen- 
dom has continued from the thirteenth century with declining en- 
ergy to our tÍ1nes. Its ohject has been t}Je forciùJe subjugation of 
thought. 
The 
Iohammec1ans bad thus brought the theory of evolution up to 
that point at which, for any further advance, clear yiews of the opera- 
tion of Jaw in the government of the world were necessary. In their 
speculations in this particular they had been guided by theological 
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considerations. These were no,v to lJe replaced by others of a nlore 
definite and solid kind, derived from l)hysical science. 
The starting-point of Christendonl in the theory of evolution, for 
the 1\lobammedans had no,v ceased to philosophize, was tbe publica- 
tion by COl)(
rnicus of the book "De I-
evolutionibus Orbium Celes- 
tiunl." In this the Pythagorean vie\v of the emplacenlent of the solar 
system .was revived. The way for this restoration had been }u'e}lared 
by such books as that of Cusa " On L(1arned Ignorance." lIe conceived 
of the universe as a vast organism, the life of ,vhich is the breath of 
God, and which has neither centre nor circumference, Lut is infinite 
as its mak<?r. Such vie,,-s were largely l)revalent in Italy, at that 
time the focus of infidelity, and there Copernicus had been. lIis ,york 
,vas followed by I{epler's great discovery of the three 1a,,,"'s that bear 
his name. 
.After the invention of printing, the" Index Expurgatorius " of pro- 
. hibited books had becolne essentially necessary to tlle religious Reign 
of Terror, and for the stifling of the intellectual developnH.:nt of man. 
The Papal GoVel'lllnent, accordingly, establishecl the Congregation of 
that Index. 
It was very plain that the tendency of Kepler's discoveries 'was 
to confirm the dominating influence of law in the solar s)Tstem, as ,ye11 
as to destroy geocentric and anthropocentric theories. It..was, there- 
fore, adverse to the Italian theological views, and to the current reli- 
gious practices. Kepler had published an epitome of the Copernican 
theory. This, as also the book itself of Copernicus, was placed in 
the Index, and forbidden to be read. 
The Reformation canle. It did not much change the matter. It 
insisted on tbe 1\losaic views, and ,vould tolerate no natural science 
that did not accord with them. Nevertheless, under the shadO"w of 
the political power it shortly gathered, Newton's "Principia" .was 
safely published. The t\VO great powers into which Christendonl 
was diyided held each other in check. The sectarian divisions fast 
springing up in Protestantism found occupation in their contentions 
with each other. The bearing which Newton's book had upon those 
already condemned consisted chiefly in this - it gave indisputable 
reasons that I{epler's laws are a mathenlaticnl necessity. For the 
finger of Providence it substituted mecllanical force. And thus the 
neign of Law, that great essential to the theory of evolution, ,vas 
solidly established. 
But not alone did the discoveries of physical astrononlY lead to 
these vie,vs. If the heavens were observed, the earth, also, .was exanl- 
ined. There couh,l no longer be any doubt that fossil renlains ".ere 
the relics of beings that were once alive, as Xenophanes in the old 
times, and Da Vinci and Palissy more recently, had affirmed-not 
nlera lusus naturæ j that the ea.rth's strata ,\Tcre not all of the sa.nIe 
age; that in the oldest no fossils could be found; that there hnd heen 
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a time when there ,vas no life on the earth; that of the strata sonle 
are of marine, some of fresh-,vater formation; that they are often in- 
tercalated like leaves in a book, and therefore cannot be referred to 
any single cataclysm such as the deluge. 
From considerations connected with the primary rocks, Leibnitz 
(1680) had inferred that tbe earth was once at a far higher tempera- 
ture than no,v, and in fact must have been in an ignited state; that 
it had uudergone a gradual cooling. 'Verner subsequently introduced 
the N eptunic theory, and Hutton the Plutonic. These cosmographi- 
cal theories were, however, of less importance than what was done in 
paleontology. It .was discovered that while similar fossil remains et.- 
tentl over vast horizontal surfaces, different )ossils are found to suc- 
ceed each other very rapidly when a vertical examination is n1ade. 
There is a geological as well as a geographical distribution of plants 
and anilnals-geological as to tilne, geographical as to surface. 


In the works of 1\Iaillet (1748), and again in those of Buffon, the 
old doctrine of evolution reappears. A more formal presentlnent "'"as, 
however, nlade by Lamarck in his "Philosophie zoologique," pub- 
lished in 1809. He advocated the doctrine of descent, and announced 
the propositions now known as Darwinism. According to bim, organic 
forms originated by spontaneous generation, the simplest coming first, 
and the complex being evolved from them. Variations and tranSlnu- 
tations occur through external influences, the environment modifying 
the organism, and as these in the lapse of time become essential dif- 
ferences, Dew species arise. JUoreover, wants experienced cause the 
,,"ill to develop new organs by the Inoc1ification of previously-existing 
ones, and these are transn1Ïttec1 by heredity or generation. Organ- 
iSlllS are developed out of one another; so far from being permanent, 
they have only a temporary existence. 
Though an organism tends to be like its progenitor, it will undergo 
changes by the use or disuse of its parts; by the former it is devel- 
oped, by the latter deteriorated. The changes produced thus, or l)y 
the environlnent, always have been, and always will be, continuous, 
not catastrophic. 
Lamarck recognized the struggle of each against an. lIe saw' 
plainly the influence of heredity, and understood tbe relation of enyi- 
ronlnent and adaptation. lIe defined in tbe clearest nlanner tbe doc- 
trine of transu1utation and theory of descent. According to hiln, if 
tin1e enough be allowed, any modification may take place. 
So far fronl n1eeting "with acceptance, the ideas of Lalnarck brought 
upon hiIn ridicule and obloquy. He was as much misrepresented as 
in former tiu1es the Arabian Nature-philosophers had been. The great 
influence of Cuvier, who had nlade hilTIseJf a champion of tIle doctrine 
of permanence of species, caused Lamarck's views to be silently ig- 
noreù, or, if by chance they w'ere referred to, denounced. They 'were 
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condemned as morally reprehensible and theologically dangerous. In 
this, the authority of Cuvier in regard to evolution acted as the au- 
thority of Newton had done in regard to the undulatory theory of 
lig h t. 
In like Inanncr the views of Oken met with resistance, eSl)ecially 
his deduction that the higbest animals are the result of deveJopn1ent, 
not of creation. 31an, he significantly says, has been developed, not 
created. lIe conceived all Nature to be in a process of evolution. His 
demonstration, that the bones of the skull are only vertebral modifi- 
cations, however, reconciled many persons to a more favorable opinion 
of his hypothesis of development. 
Geoffroy St.-Ililaire (1828) did not. doubt that animals now living 
are descended by an unbroken succession from extinct ones, by trans- 
form
,tion from form to fornl; that different species are degenerations 
of the same type, being due to the influence of the environment 
(rnonde cunbiont). He thus became the opponent of Cuvier, and did 
very much to break down the influence of that zoölogist. In tbese 
variations be considered tbat the orgallisnl is passive, differing in 
this from Lanulrck, who thought it active. Ilis vie\vs of the influence 
of the environment "Tere very precise: thus h
 thought that birds 
arose from reptiles, through the diminution of carbonic acid and in- 
crease of oxygen in the air, at tbe time of the formation of ('oal; tl1e 
activity of the animal circulation becoming greater, and tbe }'eptile 
scales being transformed into the feathers of the bird. As is no,v 
known, this was substantially a correct interpreta.tion. · 
Though the principles of the doctrine of evolution ,vere thus thor- 
oughly understood, the control of heredity, the influence of environ- 
ment, the lTIodeling by adaptation, public attention failed to be drawn 
to it until 1844, when there was published in England an anonymons 
book under the title of the " Vestiges of the Natural History of Cre- 

tion." In this the author set forth Lanlarck's views, and the work, 
being clearly an(l attractively con11)oseò, passed through a great many 
editions. Very fortunately, it may be said, it accepted some unsub- 
stantiated facts and contained SOlne pbysical mistakes. These tempted 
many skillfnl and bitter criticisms of hostile theologians. Th
 reviews 
and journals were filled with their attacks and answers to tlIem. 
Thus, happily, the whole suhject ,yas brought into such prominence 
that it could be ,vithdraw"n into obscurity no more. 
In the discussions of this book the autl}or macle use of a most im- 
portant anatomical discovery, tI-lat even in the case of tbe highest 
species, man himself, tbe embryo does not simply grow or increase in 
size, but passes in succession through a serie
 of forms, ,yl1ich, ex- 
amined froln epoch to epoch, are totally dissimilar. It baa been the 
vulgar opinion th
'tt after t1)e first nloment of conception 
ll the parts 
of the anilllal that is to be are pl'e
ent, and that they 8imply gro,y. 
The human embryo, according to this, reaches birth very much in tbe 
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saIne 'way that the infant passes from birth to manhood. That was, 
I say, the vulgar opinion, but, in laying before our eyes the develo})- 
Inent of the individual, God bas given UR a revelation of the course 
of life by the .world. 
The evolutionary history of anÏ1nals ostablishes that there is not 
tbis homogeneousness of development, but that the higher pass 
through tho forms of the lower; that the mammal, for instance, 
passes through stages at which the lower vertebrates remain fixed. 
All are therefore pursuing a journey along the same road, though 
some may travel to a longer, some to a shorter, distance. There is 
thus a parallelism between individual and race deyelopn1ent; a clo.se 
connection between the phases of devrlopme,nt in the individual a
d 
in the species. 
The type of each al1irnal is from the first as it .were imbedded in 
the embryo and controls its evolvement. The embryo never makes 
any attempt to change from one type to another, but sometimes the 
tellden
y to a forln and not the form itself is transmitted. 
The parallelism that exists between the career of the individual 
and the career of the raco reappears in the life of the world. There is 
a resen1bJance-indeed more than a resen1blance-between tbe succes- 
sÍ\"e forms through which man himself in bis prenatal life has passed, 
and those that ha,"e appeared in In)Triads of ages in the biograpby of 
the earth. Coolmon-sense revolts against the idea that tbese trans- 
formations aro in the individual due to divine intervention. In that, 
and in the case of the earth, they must be due to natural Ja,v. 
In the year'1859 there was published by 
Ir. Darwin a work on 
"The Origin of Species by J\Ieans of Natural Selection, or the Preser- 
yation of Favored Races in the Struggle for Life." 
In this, and in other subsequent ,,,"orks, it is shown that tIle indi- 
yiduals of each species tend to increase in a very rapitl ratio-an in- 
crease more rapid than that of their means of subsistence. Each ha
, 
therefore, to contencl with his c0111petitors; anc1 hence all must exhibit 
" a struggle for existence." 
But lllodifications are incessantly taking place in the form and 
characteristics of individuals, giving to some an advantage, to some 
a disadvantage, as compared with their competitors. Hence, the for- 
lller ,vill prevail, the latter will succun1b in the struggle. This in 
the language of the hypothesis is formulated "the suryival of the 
fittest." 
And as the pigeon-fancier or other person who devotes bimself to 
the breeding of animals can produce any form he wishes by selecting 
its progenitors anc1 pairing them together, exercising thus artificial 
selection, so if any of the chance-forms that have arisen should l)e 
better adapted tl)an others for perpetuation, they ,,'iI11)e perpetuated, 
or X atnre may be said to haye mac1e a selection. Hence tl)e term 
"natural selection," which has been n1ade to designate this h
"'pothesis. 
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It is to be regretted that this l)hl'ase " natural selection" has been 
introduced. It is very unscientific, very inferior to tbe old expression 
adaptation. It implies a personification of Nature. It is anthropo- 
nlol'})I1Ïc. TIut Nature never selects, never accepts or rejects, knows 
nothing about duties, nothing about fitness or unfitness. Nature 
simply obeys Ia,ys. 
Natural selection is thus supposed to perpetuate an organism 
after adaptation to its environment has taken })laco. The c1)ange 
implied by adaptation must precede it. It should be regarded ratIler 
as a metaphorical expression than a scientific statement of an actual 
physical event. 
Darwinisn1, therefore, docs not touch the great question as to the 
manner in ,vhich yariation of organisms arises. It only teaches }lOW. 
such variations are l)erpetuated. 


The publication of Humboldt's" Essay on the Geography of 
Plants" (1805) first formally dre"r the attention of botanists to tl)e 
connection bet"Teen the distribution of plants and tbe distribution of 
heat on the surface of the earth. As an ad vance is ulade froln tI)e 
equator toward the pole in either hen1Ïsphere, the mean annual ten1- 
})erature declines, and in succession a series of vegetable zones is 
encountered, merging gradually into each otller, tbough each; where 
best marked, is perfectly distinguished from its successor. In the 
tropics there are the pahns wl1Ìch give so striking a characteristic to 
the landscape, tbe broad-leaved bananas, and great cliInbing l)lants 
throwing themselves from stem to stem like the rigging of a ship. 
Next follows a zone of evergreen ,,
oods, in .which the orange and 
citron come to perfection. Beyond this, another of deciduous trees, 
the oak, the chestnut, and the fruit-trees of our orchards. 11ere the 
great clinlbers of the tropics are replaced by the hop and tlle ivy. 
Still farther is a belt of conifers, firs, larches, pines, and other need}('- 
leaved trees; and these lead through a range of birches, becoming 
luore and more stunted, to a region of mosses and saxifrages, but 
which at length has no tree nor shrub; and finally, as tlle perpet- 
ual polar ices are reached, the red-snow alga is tbe last trace of vege- 
table organization. 
A similar series of facts had long previously be
n obseryed by 
Tournefort in an ascent of l\Iount Ararat. The distribution of yege- 
tation fronl the base to tIJe top of tIle mountain bears a general resem- 
l)lance to the distribution froin the base to the 1)01:1r regions. Thcf:e 
facts were generalized by subsequent obscrvcr
. It "
flS establislled 
that tbere exists an analogy bct"TeC'n l)orizontal distribution on the 
surface of the g lobe and vcrtical distribution at different altitudt:,s 
. , 
above the level of thc sca. E\'en in the tropics, if a nlonntain be 
sufficiently high, a sl)ort ascent suffices to carry us fronl the charac- 
teristic endogenous growths at its foot through a zone of cvcrgreens 
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into one of deciduous trees, and this again into one of conifers, the 
vegetation declining through mosses and lichens as .we reach the 
region of perpetual snow. 
In these cases of horizontal anll vertical distribution ,vbich thus 
present such a striking botanical resemblance, there is likewise so 
clear a 111eteorological analogy that it is impossible to avoid the con- 
clusion that the distribution of plants depends very largely on the 
distribution of heat. And, indeed, what better illustration of the in- 
fluence of heat coulLl 'we have than this, that by artificially adjusting 
the telnperature of hot-houses "'0 can cause any plant to grow in any 
latitude? 
But temperature alone does not deterllj-ine tbe distribution of 
plants. If it did, we should find the same species in the same isother- 
mal zones. Througl10ut the old continent, ,vith the excel)tioll of the 
torrid zone, heaths abound; but in .Anlerica not a single heath occurs. 
In the N e\v 'V orid, through forty degrees on each side of the equator, 
the cactus tribe flourishes; in the Ola not a single cactus is to be seen 
-tbe spnrges there replace then). So, again, in Australia, the forests 
present a melancholy, a shadeless character, from their casuarinas, 
acacias, eucalypti, whereas, if tmnperature alone \vere concerned, they 
should offer the same aspect as tbe forests of North .A.merica anù 
Europe. 
As regards aninlais the same remark may 1e made. In tbe ten1- 
perate zone, eastw.ard beyond the Caspian, there are !llen "Those com- 
plexion is )Tello,v; in Europe the complexion is white; the American 
Indian is red. Asia has its Tibet bear, Europe its brown bear, North 
America its black bear. The European stag fincls in .A,ffierica its 
analogue in the ,vapiti, its .r\siatic in tbe musk-deer. The wild-ox of 
Lithuania differs from the North ..c\merican buffalo , and this fiO'ain 
, 0 , 
from the :\longolian yak. The llama in Anlerica replaces tl1e can1e1 
of Asia, the puma replaces the lion. Brazil has had in tiDIes long 
past representatives of its existing sloths and armadillos. Aus- 
tralia, ,vhich has isotherll1al zones like those of otl1er continents, has 
no apes or nlonkeys, no cats or tigers, no wolves or bears, hyenas, 
horses, squirrels, rabbits; no ,vood peekers or plleasants. Instead of 
them it has the kangaroo, wombat, ornithorhynchus, cockatoos, and 
lories, nowhere else found. 
Then, though heat is a dominatinO' influence in the distribution of 
ö 
plants and animals, it is by no means tl)e only one. There are also 
other conditions, such as the supply of water, the composition of the 
soi1, the access of light, etc. It has been found convenient to gronp 
all these together, and to speak of them, as I lntve alreaòy stated, 
under a single designation, " The EnviroTIlnent." 
Change in the environment, and cllange in its organisms, go hand- 
in-hand. Should the 'w'armth of the tropics be diffnsed into the polar 
circle, a tropical vegetation ,vould replace the vanishing snows. 
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Should the ices of the poles Rpread over the temperate region, the 
reindeer would accompany their invading edge. 
'Vhile the envirollinent thus influences the organism, the organism 
reacting influences the environment. The ll10st striking instance of 
this, perhaps, ,vill be found on comparing the constitution of the at- 
mosphere before and since the Carboniferous epoch. Prior to that 
epoch, all the myriads of tons of coaly substance now inclosed in the 
strata of the earth existed as carbonic acid in the air. B y the no-en- 
t> 
cy of the sunlight acting on the leaves of the luxuriant vegetation of 
those tilnes, this noxious gas was gradually removed, and replaced 
by an equivalent volunle of oxygen. A hot-blooded, quickly-respiring 
animal could not possibly exist in an atmosphere laden with carbonic 
acid. Anterior to the coal deposit, tl)e fauna .was cold-blooded and 
slow-respiring. The flora thus changed the aërial environment, and 
thi
, in its turn, reacting, changed tbe fauna. 
It is on all sides adn1Ïtted that plants tend by their removal of 
carbonic acid froll1 the air, replacing it by oxygen, to cOlnpensate for 
the disturbance occasioned by animals. In this "ray, through very 
n1any centuries, the same l)ercentage constitution of the ntInosphere 
is maintained, the sum total of vegetable being autonlatically ad- 
justed to the sum total of animallife-autonlatically, and not by any 
interference of Providence-a fact of great value in its connection 
with the theory of evolution. For, if ,ve adn1Ít what has been con- 
clusively established by direct experiment, that plants .would gro,y 
more luxuriantly in an atmospbere somewhat richer in carbonic acid 
than the existing one, we may see bow upon this condition depends a 
principle of conservation, which must forever retain the air at its 
present constitution, no matter ho,v animal life may vary. 


Cnvier speaks of the inferior organislns as furnishing us with a 
series of eXPQrimcnts made by the hand of Nature, an idea often 
quoted and often admired, but which, })erhaps, is scarcely consistent 
with enlarged conceptions of the system of the world. An organism, 
no matter how high or lo'w, is not in an attitude of isolation. It is 
connected by intimate bonds ,yith those above 
ncl those beneath. It 
is no product of an experimental attempt, which, either on the part of 
Nature or otherwise, has ended in failure or only partial success. 
The organic series-an 
xpression full of significance anc1 full of 
truth implies the interconnection of an organic forms-the organic se- 
ries is not the result of nunlberless creativc hlunc1crs, abortiyc attempts 
or frcaks of Nature. It presents a far nobler aspect. E\Tery 11lcmùer 
of it, even tbe humblest plant, is verfect in itself. Fronl a connnon 
orio-in or sim } )le cel1 all have arisen' there is no l )erCe l )tible n1Ïcro- 
-'=' , , , 
scopic diffcrence between the })rinlordial vesicle which i
 to produce 
the lowest plant, and t})3,t which is to produce the highest, but the 
one, under tbe favoring circnnlstances to w!lich it has been exposed, 
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has continued ill the march of development, while the career of the 
other has been stopped at an earlier point. The organic aspect, at 
last assumed, is the representation of the physical agencies that bave 
been at work-the environlnent. Had these for any reason varied, 
that variation would at once have been expressed in the resulting 
form, which is, therefore, actually a geometrical embodimellt of the 
antecedent physical conditions. For what reason is au off:-spring like 
its parent, except that it has been exposed during deyelopment to tLe 
sanle conditions as ,vas its parent. Comparati \Te physiology is not a 
fortuitous collection of experÏ1nents. Our noblest conce!)tion of it is 
the conception we have of analytical geometry. Each men1ber of t.he 
organic series is an embodied result of a discussion of the equation of 
life for one special case. I 
It was a felicitous thought of Descartes that we may represent a 
geometrical form in an algebraic equation, and, by the l)roper consid- 
eration and discussion of such an expression, determine and delineate 
all the peculiarities of such a form; that here it should become con- 
cave, there convex; here it should run out to infinity, there have a 
cusp. The equation determines all the peculiarities of the form, and 
enables us to construct it. In like nlanner, all living und 1ifel(lss 
forms are related; an increase in the value of one condition carries de- 
velopment forward in one direction; an increase in the value of an- 
other condition determines development in another "
ay, and these 
variations give rise in their succession to the whole organic series. 
Nature ever geometrizes and ever materializes. Every organism 
is the result of the development of a vesicle, under given conclusions, 
carried out into material execution. It is the incarnation, the embodi- 
ment, the lasting register of physical influences, the daughter of the 
environn1ent. 


Let us now rapidly survey tbe changes that have taken place in 
the earth's organisms: 
In the earliest, or Primordial period, there existed of plants only 
,vater-organisms.-tangled sea-weeds. Then in the following, the Pri- 
DIary, came the more perfect cryptogan1s, such as ferns. Then fol- 
lo'\yed, in the Secondary, pine-forests. In the Coal period the phane- 
rogamia developed out of the more perfeGt cryptogamia. Not until 
the Chalk did the higher corollifloræ appear. In the beginning of the 
Tertiary the parth had sufficiently cooled at the poles, climate-zones 
,"vere produced, and the land was covered with leaved forests. Flow- 
erless plants had Leen succeeded by flowering ones, the latter first 
without a distinct corolla, and then by those ,vith one; and of these, 
first the lower and th(-'n the l1igher. 
Turning to the order of succession of animal life-of the Pri- 
lnordial, the forms are skull-less; then in the following, the Prilnary, 
came fishes, first those 'with the heterocercal tail, as in the embryos of 
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existing ones. In the Secondary, reptiles, and out of them birds, "
ere 
developed; the decreasing aU10unt of carbonic acid and the increas- 
ing amount of oxygen pern1Ïtting that change. Of birds, the earli- 
est had a long, lizard-like tail, composed of thin vertebræ, to every 
one of which .were attached strong, rudder-like feathers in pairs. The 
same formation of the tail part of the vertebral coluD1n still occurs 
transiently in the embryos of later birds. The transition from the 
reptile to the bird is manifested by some of the latter baving teeth 
set in one order in grooves, in another ill distinct sockets. Amol1g 
mammals as anlong fishes the imperfect appeared first. About the 
Iniddle of the J\lesolithic period, out of a branch of the cloacal animals 
tbe marsupials were eyol ved; and in the beginning .of the Tertiary 
the placentals were developed out of the marsupials. The latter .were 
at one time distributed over the whole earth; now they are fast 
approaching extinction. In Europe, Asia, Africa, not a single mem- 
'bel' of the group remains. 'J.:'he cloacal animals, the marsupials, the 
})lacentals, stand therefore in an order of succession. 
Sucb has been the order of evolution in Europe. For its order in 
America I may refer you to tbe recent admirable address of Prof. 
1\larsl1 before the American Association for the Advancement of Sci- 
ence. The general conclusions at which 'we arrive in one case are 
substantiated in the other. 
In accordance with his descent, the cloacal structure exists in 
man in the earlier period of his embryonic life. The separation into 
two openings takes place aùout the twelfth 'week of llis uterine de- 
veloplnent. Shall ,ve not, therefore, infer from the evidence of bis 
embryonic forn1s that be has been developed step by step out of the 
lower vertebrates? 
In the early stages of their evolution, anlphibia, reptiles, birds, 
cannot be distinguished. The first steps of development in all verte- 
brates are identical. lUan passes no,v through the same series of 
transmutations which his animal predecessors passel1 through in im- 
mense spaces of time, long ago. The progress he makes in the lapse 
of a fe,v days in the darkness of the ,von1b is the same that has been 
follo,,-ed by the procession of aninlated Nature in tho lapse of myri- 
ads of centuries in the daylig}]t of the wodel. 
Froln a comparison of their studies en1bryologists and paleontol- 
ogists unite in the conclusion that individual development is a rapid 
repetition of race-developlnent, and that the ))aleontological nlOye- 
ment is to be interpreted by 
he embryonic. Tho connecting links 
supposed to be nlissing in the fornler may be sought for in the latter. 
Individual c1eveJopn1ent, paleontological development, and compara- 
tive anatonlY, through their combined evidence guide us to a deduc- 
tion of the genealogy of any organisn1. The dOlninion of law is 
every\yhere Inanifest. The capricious intrusion of a. supernatural 
agency has never yet occurred. 
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Each of the geological periods has its dominating representative 
type of life. Perhaps it may be asked: "How can ,ve be satisfied that 
the members of this long series are strictly the successive descendants 
by evolution from older forms, and in their turn the progenitors of the 
later? I-Iow do we know that they have not been introduced by sud- 
den creations, and removed by Rudden extinctions?" Simply for this 
reason: The new groups make their appearance while yet their pred- 
ecessors are in full vigor. They come under an in1perfect model 
which very gradually inlproves. Evolution Ï1nplies such lapses of 
time. Creation is a sudden affair. 
A striking illustration of this is offered by two of the nlost im- 
posing types of life, tl1e reptile and the mammal. The former is the 
characteristic of the Secondary, the latter of'the Tertiary period. In 
the Secondary, ,yhen reptile life ,vas at its culmination, there were 
reptiles flying ill the air, swimn1Íng on or in the sea, cra-wlilJg on the 
land, or climbing the trees. After this type of life had reached its 
culmination, and extinction began to set in, that l)rocess went for- 
,vard in a gradual anel orderly way. The flying lizards were the first 
to disappear, then those of the sea; they now have scarcely any rep- 
resentative left. The fluviatile and terrestrial ones, though greatly 
dilninished both in nunlbers and 
ize, still maintain a struggle for 
life; but the complete dying out of animated fornls, though irre- 
sistible, requires for its cOlnpletion countless centuries. 
'VLile reptile life ,vas in full vigor, l11an1n1a1 life was introduced. 
It caIne under the lowest forms, the inlperfect orders appearing first. 
,,-rbat does this coexistence of two different forms of life, through 
immense lapses of time-the one declining and 011 its way to disap- 
pearance, the other marching forward to increase-what does this 
overlapping mean ? Not sudden creation, but slow development. 
The environment is slowly becoming unsuitable to the one, and slow". 
ly becoming suitable to the other. 


If time permitted, I would ask your close attention to rudimentary 
organs, for they illustrate strikingly the theory of evolution. They 
are organs existing in an apl)arently undeveloped and uselef:s conc1i- 
tion, such, for instance, as the incisor teeth in the n1Ídbone of the 
upper jaw' in embryos of COlnmon cattle, the rudimentary wings of the 
penguin and dodo, the mammæ of the male mammalian, the subcuta- 
neous feet of certain snakes. In the enlbryos of whales teeth are found 
in the jaw, precisely as ,ve find them at birth in the human infant. In 
the latter instance, we think we see a .wise provision and foresight of 
X atnre, ,vhich does not give to man these masticatory organs before 
the time they are 'wanted. But ".hat are we to make of the parallel 
cas
 of the whale? Shut up as these rudimentary teeth are in the in- 
terior of the jaw, never to be developed and never to be u!'ed, docs 
not that look something like a useless ,york? And wl)y has X atnre, 
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in the case of certain snakes, placed under the skin bony representa- 
tives of the extren1Ïties, the movements of those animals being by the 
use of the ribs, and feet never being wanted? 
'Ve may also turn to tbe vegetable world, and there we find rudi- 
mentary organs, excesses and deficiences of develol)ment. As Trevi- 
ranns says, adaptation to the surrounding world nlay be shaped either 
by gradual development or by degeneration, wbich is equally effec- 
tive. The same organ may be expanded into a compound leaf, or de- 
generated into a scale. Development can turn a reptile into a Lird; 
degeneration can turn it into a serpent. Any flo\\"'er may be regarùed 
as a transformed branch-:.-.tbat which might }utve evolved into a leaf 
turns indifferently, as circumstances nuty direct, into a sepal, a l)etal, 
Qr a stamen. 
Rudinlentaryorgans come into existence as part of a general plan. 
They are the manifestation of }Jeredity in the type of life of the ani- 
"mals or plants in which they occur. They prove that the form 113s 
been developing, not teleologically, or for a l)urpose, but in obedience 
to la\\T. 


N o'v I have answered, and I know ho\v imperfectl)T, your qups- 
tion, " How does the bypothesis of evolution force itself upon the stu- 
dent of modern science?" by relating ho,v it has forced itself ul)on 
me, for my life has been spent in such studies, and it is hy meditating 
on facts like tbose I have here exposed that this hypothesis no"... stands 
bcfore.llle as one of the verities of Nature. 
In doing this I have opened before you a page of t]le book of 
Nature-that book which dates from eternity and embraces infini- 
tude. It reveals millions of suns and ,yorlds of surpassing glory. 
AUlong its most insignificant pages are the vast rock-strata of the 
earth. 'Ve have been 100ldng at some of them. K 0 Council 'Of La- 
odicea, no Tridentine Council, is wanted to illdorse its authenticity, 
llothing to assure us that it has never beeu tan1pered 'with by any 
guild of men, to perpetuate their influence, secure their profits, or 
otherwise promote their ends. 
Then it is for us to study it as best ,,"'e l11:1Y, and to obey its 
guidance, no matter ,vhither it may lead us. 
And this brings me face to face w.ith the third division of my sub- 
ject. I have spoken of the origin and the progress of the hypothe- 
sis of evolution, and should now consider the consequences of 3C- 
cepting it. IIere it is only a 'vorc1 or t,,,"o that thTIe permits, and 
very few words nlust suffice. I must bear in mind that it is the con- 
sequences from your point of view to 'which I must allude. Should I 
speak of tile manner in which scientific thought is affected, f;llo1.dd I 
dwell on the influence this theory is exerting on general kuo,vledge, 
I should be carried altogether beyond the IÌ1nits of the present hour. 
The consequences! "That are they, then, to you ? Kobler vie"Ts 
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of this grana universe of which "Te form a part, nobler views of the 
manner in which it has been developed in past times to its present 
state, nobler views of the laws by ,vhich it is now maintaihed, nobler 
expectations as to its future. ""1" e stand in presence of the un- 
shackled, as to Force; of the inlmeasurable, as to Space; of the un- 
liluited, as to Time. ALove a]], our conceptions of the unchange- 
able purposes, the awful nlajesty of the Supreme Being, becoIllc 
luore vivid. We realize what is meant when it is said, """1"ith HBI 
there is no variableness, no shadow of turning." Need I say any- 
thing more in commending the doctrine of evolution to you? 
Let us bear in mind the warning of history. The heayiest blow 
the 1101y Scriptures have ever received was inflicted Ly no infidel, but 
by ecclesiastical authority itself. 'Vhen thJ works of Copernicus and 
of I{epler ,vere put in the Index of prohibited books, the system of 
the former was declared, by ,,,hat called itself the Christian Church, 
to be "that false Pythagorean system, utterly contrary to the Holy 
Scriptures." But the truth of the Copernican systeln is now estab- 
li
hed. 
There are persons who declare of the hypothesis of evolution, as 
was formerly declared of the hypothesis of Copernicus, "It is utterly 
contrary to the 1101y Scriptures." It is for you to examine whether 
this be so, and, if so, to find a means of reconciliation. Let us not be 
led astray l)y the clamors of those who, not seeking the truth and not 
caring about it, are only chanlpioning their sect, or attempting the 
perpetuation of their own profits. 
:\ly friends, let me plead ,vith you. Don't reject the theory of 
evolution. There is no thought of modern times that more lllagnifies 
the unutterable glory of Almighty God! Renlember, I beseech you, 
,vhat was said by one of old times: "Yemen of Israel, take heed to 
yourselves what ye intend to do. And now I say unto you, if this 
counsel be of men it will come to naught; but if it be of God, ye · 
cannot oyerthrow it, lest haply ye be 'found to be fighting against 
God "-shall I continue the quotation ?-" and to him tlley all 
agreed! " 
'Ve often hear it affirmed that our age is becoming more and more 
irreligious, and that men wantonly reject sacred things of which their 
ancestors approved. But I think we may profitably inquire .whether 
very much of this is not due to the profound changes that are taking 
place in our conceptions of the Supreme Being? Things and acts 
which at one time men attributed to him without hesitation, they can 
attribute to him no more. They ha ye learned to demand of every 
dogma, "Is it derogatory to the awful nlajesty of God?" 
These nlodifications of opinion have had no little to do with the 
progress of the subject "\\"'e have heen considering. Let us ever bear 
in nlind that the doctrine of evolution has for its foundation not the 
admisssion of incessant divine interventions, but a recognition of the 
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original, the immutable fiat of God. In whateyer direction we com- 
mune with X ature, the dominion of universal, of e,'erlasting law con- 
fronts us. 
The establishlllent of the theory of eyolution has not been due to 
anyone science, but is attributaùle to the conjoint n10vement of all. 
It is due to the irresistible advance of hunutn kno"wledge. To refer it 
to geology alone, as is often done, is altogetber a n1Ístake. It ,vas net 
possible that Astronomy should fail to maintain her grand position. 
She took the lead in the intellectual revolution which n1arks the close 
of the middle ages. Single-handed and alone, sbe fought and won the 
great battles of the globular form of the earth, the central sun, tbe 
plurality of ,,'orlds. It cost her the blood of some of bel' leaders. 
For some there was the fagot, the rack, the prison-cell, the scourge. 
But ther departed from their tormentors, rejoicing tbat they were 
accounted worthy to suffer even death in this cause. And now she 
'fonnd stepping-stones for herself in the trackless infinitude of space, 
and beckoned her conlrade sciences to come and s}lare with her the 
glorious view she had gained of the majesty of the universe. Anato- 
111Y, both human and comparative, I)aleóntology, chemistry, phy
i- 
ology, microscopy, even philosophical history, have given their aid. 
'Vherever anyone science has made a n1arked advance, its movement 
has been covered by some of the others, and the ground thus occu- 
pied secured. As nlatters now stand, all are well to the front-the 
entire line is dressed. 
It often takes many victories to establish one conquest. l{nowl- 
edge, fresh from so many triumphs, unfalteringly continues her move- 
n1ent on the works of Superstition and Ignorance. 
Now, in parting, let us bear this in mind: So great is the intellect- 
ual advance men have mac1e, that questions which at one tinle divided 
Christendom into sects are now far in the rear. Those "Thich once 
separated good n1en socially, are 11assing out of sight. They are re- 
placed by others of a very different order. Among suc]), one of sur- 
passing importance confronts us-the eternal reign of law. Let us 
bear in mind what the tl1eory of evolution so loudly proclaims: " We 
are what we are, because the universe is what it is." If it acts upon 
us, we react upon it. Our conception of the sphere of being "Te 
occupy is enlarging, and we are thus brought into close relationship 
with aU that is beautiful on earth, all that is magnificent in the 
Jlcavens. 
Then let ns reverently con1nlune with Nature. Let us try to raise 
onr eyes from the varying phenomena of the ,,"'orIel, to the solen1n 
grandeur of that silent, that iInperishable reign of la,v that governs 
aU tllose changes; let each of us earnestly address to himself tbe re- 
1110nstrance of "The :I\Iinstrel: " 
" OIl! how canst thou renounce the boundless store 
Of charms that Nature to her votary yields, 
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The warbling woodland, the resounding shore, 
The gloom of groves, the garniture of fields, 
All that the genial ray of morning gilds, 
And all that echoes to the song of even, 
All that the mountain's sheltering bosom shields, 
And all the dread magnificence uf heaven- 
Oh! how canst thou renounce, and hope to be forgiven? " 


. . . 


THE GRE.A.T TIEKGAL CYCLONE OF 1876. 1 
By CARL DA::\IBECK
 


N o nlore convincing proof could, perhaps, be given of the bead- 
long pace of our modern life, or of the thoughtlessness of our 
age, than tbe fact that, though we still hear of the earthquake, at Lis- 
bon, hardly a word is said of the fearfuUy destructive cyclone which
 
on the 31st of October, 1816, swept over the Delta of the Ganges. 
Even in the queen's last speech from the throne, there is not so much 
as a simple mention of that disastrous event, whereby a quarter of a 
nlÏllion of British subjects in India were destro}Ted. The after-effects 
of tbe cyclone in themselves constituted a fearful calamity, for thou- 
sands are still 2 dying of disease and hunger-evils the seeds of which 
had been sown in October. 
Cyclones usually OCCllr to,vard the end of spring and in the fa1l- 
from April to June, and from September till November-the periods 
of the change of direction in the monsoons. By far the greater num- 
ber of the cyclones occur at the cessation of the soutInvest and the 
setting in of the northeast monsoons in the fall: out of eighty-eight 
observed in the Indian Ocean, forty-nine occurred in the fall and only . 
twenty-nine in the spring. The former, almost without an exception, 
caIne from a point lying somewhat to the north of latitude 15 0 north, 
in the bay of Bengal; ,vhile the latter had their rise in tIle neigI1bor- 
hood of the Andan1an Islands. The whole east coast of India is 
exposed to the fury of these storms, and from Ceylon to Chittagong 
there is hardly a point on the coast that has not more or less fre- 
quently felt the power of the cyclones, though the localities 'which 
suffer most are the low-lying portions of tIle coast, more particularly 
when they are situated in a bight or in an angle, for wind and water 
are there brought into yiolent conflict. One of the earliest cylones of 
which authentic accounts are extant occurred in 1789, at an unusual 
season of the year-December. Furthermore, it was attended by 
three enormous storm-waves, which flooded the coast at Coringa, 
1 Translated from the German, by J. Fitzgerald, A. M. 
2 )Iay, 1877, when this article was written. 
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near the mout 11 of the Goc1av:lry, destroying nearly the entire town 
with its 30,000 inhabitants, and driving far inland the 
hips which lay 
at anchor in the bay. In 1839 the 8ame locality was ,-isited by 
another cyclone, which was nearly as destructive as the preceding. 
The coast of J\Iadras and of Coromandel has again and again been 
the theatre of cyclones, though here the wave is not so destructive 
in its effects as elsewhere, owing to the 8ituation and the formation 
of the coast. In l\Iadras the cyclone usua]]y appears to eXIJend its 
fury on the l11any ships at anchor in the roadB, and on the buildings 
on the land, as "vas the case in the years 1773, 1783, and 1872. As 
on October 15, 1783, so on the 1st and 2c1 of l\Iay, 1872, an enormOl1R 
alnount of shippiHg was lost. In the latter case the greater part of 
the vessels luight have put out to fsea, if the offic('r of the port had 
been at his station and given warning in tÏIne. The destruction of 
life and property caused by the ,vind and rain, as also by the swell of 
the sea, ,vas very considerable. Another cyclone ,vhic1} on October 
15 and 16, 1874, swept the inland districts of :IUidnapore and Bur- 
deran, claimed but few victims comparatively: in l\Iidnapore only 
about 3,000 persons lost their liyes, while in Burderan there were but 
a fe,v fatal casualties. Of all the coasts of India the nlouHls of t1Je 
Ganges and the Hooghly appear to have suffered oftenest and most 
severely from this catastroplH', for there wind and 'water ar
, as it 
were, " forced in to one sack." 
Thut-) the country situated about the nlonth of the former river 
,vag, on October 31, 1831, overflowed by a storn1-'wave to a dif'tance 
of 150 nÜles from the coast, and 300 natiye vilJages "Tith their 10,000 
inlutbitants were destroyed; and it ",-as visited a second and a third 
tinle by cyclones on October 7, 1832, and Septenlber 21, 1839. At 
the nlouth of the I-Iooghly on the 21st of October, 1833, some 10,000 
lives were lost in a stor1u-wa\re, anil 011 l\Iay 21st of the saIne Jear, 
near Coringa, 600 viIlages, ,vith 50,000 souls, 'were swept a,vay. In 
the last-named case the wave rose nine feet higher than the higl)- 
est point eyer before observed, and the barometer Fuddenlr fell a]] of 
two inches. During the cyclone of October 5, 1864, at Calcutta, 
1,500 square miles of country was overflowed, though the banks of the 
Hooghly and its tributaries, and the shores of the islands in the 
mouth of the stream, were protected l)y dikes eight to ten feet high. 
But even though these dikes had been sufficiently strong to resist 
the pressure of the water, still they ,,'ere far 1'1'0111 being sufficiently 
high. On this occasion the stornl-,,--ave rose sixteen 3JJd a ]Jalf feet 
over the \vater-nlark of the spring-tid
, and twenty-seyen feet abo\Te 
the mean level of the sea; still, it attained this h
ight only because it 
ent
red t11e riv
r at about hio'h ,vater. Th
 ,,-ave was noticed as far as 
.:J 
l\Iehurpore, on the l\Iat.abangha. It caused the loss of 50,000 hun1an 
lives, but the destruction of life .would. 11a ye "been far greater llad the 
cyclone occurred at night., and had the people, as at Bacarganch been 
YOLo XII.-13 
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surprised in their sleep. \Vhile this wave was ascending the IIooghly, 
and spreading over the neighboring districts, a portion of the same 
,vave seenIS to have atruck the coast near Chittagong, and, having 
swept along the same, to have overflowed the islands of Shahabazpore 
and Hattia from tIle rear. And this is the cause of the fearful deYfiS- 
tation it wrought, for we shall not err if we suppose wnxes coming 
from t"TO opposite directions to have met at these islands The num- 
ber of human victinIs in the catastrophe of 1864 was nearly doubled 
in consequence of the diseases produced by the multitude of unburied 
dead bodies, and which carried off 30,000 souls. IIardly four ,veeks 
after the IIooghly catastrophe of 1864, namely, on November 5th, the 
coast at )Iasulipatam, on the I{ist.nah-a locality specially adapted for 
concentrating the force of the storm-wave a'nd intensifying its PO"T- 
ers of destruction-,vas overflowed and 35,000 lives ,vere lost. Three 
years later, on November 1, 1867, tbe Calcutta district "Tas again vis- 
ited; but, fortunately, on this occasion only 1,000 lives were lost, 
though 30,000 huts of the natives were swept away. But of all the 
disasters of this kind which have occuri'ed prior to 1876, that of June 
6, 1822, was the most appalling and destructive, anel the only one to 
be compared with that of last October. As is shown by Beveridge 
in his recently-published work on Bacarganch, tbe cyclone had a 
very wide track, extending far inland on the east, and beyond Cal- 
cutta to the west. The ,vave which overflowed the mouths of the 
Ganges and the adjoining coasts fortunately appeared early in the 
evening, and the people were somewhat prepared for it; neverthe- 
les
, 100,000 human beings lost their lives, and an equal number 
of cattle, and the damage otherwise exceeded 1,000,000 rupees. 
Concerning the latest deplorable catastrophe, we possess the fol- 
lowing data: Down to 11 P. l\I. there ,vas no sign of impending 
dan g er; before midnight the storm burst sudclenlv and without 
01 , 
warning, surprising the people in their beds and dwellingR. Three . 
storm-w"aves swept over an area of 3,000 sqnare miles, containing a 
population of 1,000,000 souls. In a few n1inutes, 215,000 Innnan 
beings "Tere swept off by the "Taters, and there perished. This esti- 
mate, however, is probably far too low; for nearly all the officials 
fron1 whom authentic information n1ÏO'ht have been obtained them- 
o 
sel ves perished in the flood, and many \
inages are known to ])3,\"e 
lost seventy per cent. of their inhabitants. This is undoubtedly the 
gravest calaruity ever caused by water. Three great islands, and in- 
numerable small ones, were entirely swept l)y the flood, as also the 
mainland, over an area of five or six mile8 in length by ahout four 
miles in width. These islands all lie near the mouth of the )Ieghna, 
a river f()rrneù by t]le union of tl)e Ganges wit]) the Brahmapootra. 
The largest of the islands-Dakhin Shahabazpore-is 800 nlÍles in 
circumference, and had 2-10,000 inhahitants, wllile the ot-her two 
great islands-Hattia and Sundney-had in all about 100,000 inhabi- 
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tants. The people had only a few n1Ïnutes to think of their safety, 
when the ,va\"e rose ten to t"renty feet abo\re the land. Two hours 
later the flood began to subside, but not till noon of the following 
day could the survivors quit their places of refuge in the trees, etC'. 
As luck ,vould have it, the villages are surrounded by groves of <:,ocoa- 
llut and palIn trees: those ,vho sayed themselves did so by taking to 
the trees. SOlne took refuge on the house-tops, but the water entered 
the houses and rose to the roofs, and carried them off to the sen, to- 
gether ,vith the people upon then1. There was hardly a household on 
the islands, or on the neighboring coast, but had lost several of its 
melnbers. All the cattle ,vere lost. Doats were swept a,vay, and as 
wagons on 'v heels are unknown in that region, all means of COJnmu- 
nication failed. Nearly all of the civil and police officials perished. 
The town of Dowluctor was utterly destroyed. The loss in cattle 
cannot b
 estimated. The crops suffered greatly, but it is hoped that 
"enough remains to prevent a famine. The entire flooded region looks 
like a waste. Still the condition of the survivorsjl1st after the catastro- 
phe ,vas better than was to have been expected. The farmers of that 
region are the nlost thrifty in Bengal; the provisions are mostly 
kept buried in the ground; hence, though they ,yere damaged by 
,vater, they can still be used for food. 'Vherever Sir R. Temple ,,-ent 
he founel the people d.rying grain in the SUIl. Until harvest-time, the 
cocoanuts will be of some assistance. Prior to the calamity, the 
harvest promi
ec1 to be very bountiful; as it is, it "Till be a fair one. 
About sixty relief-stations ,yere established. The official journal 
says: ,,"T'herever the storm-,vave struck, not a third part of the pop... 
ulation, it is believ
d, survives. The islands have only a fourth of 
their farnIer inhabitants. The odor of the decaying carcasses is intol- 
erable, and. a general outbreak of cholera is hourly expected." From 
an official comlnunication, it appears that there perished in Chittagong 
during the storm over 3,000 souls, and between October 31st and De- 
cember 31st, 4,39H persons died of c1101e1'a. Since N ew-Y ear's cholera 
has raged fearfully. In the dif'trict of K oakholly there died in OC'to- 
her 43,544 persons, and in the following three montlls 30,263. Indeed, 
with the exception of the islands of Hattia and Sundney, the deatlls 
from cholera everywhere haye exceeded those caused by the inunda- 
tion. On these two islanc1s the nun) bel' of deaths in Octoùer was 
34,708; later it was only 7, 13û. 
Thu
, in the course of eighty-soven years, half a nÚllion of human 
beings have lost their lives l)y cyclones, without counting the 1110rtal- 
ity from pestilence and famine.- .Das .A uslancl. 
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OUR SIX-FOOTED RIVALS. 


I. 
L ET us suppose that, having no prcvious acquaintance with the 
Eubject, we were suddenly informed, on good authority, that 
there existed in some part of the globe a race of beings who lived in 
domed habitations, aggregated together so as to form vast and pop- 
ulous cities; tJ)at they exercised jurisJiction over tIle adjoining ter- 
ritor:r, laiù out regular roads, executed tunnels underneath the beQ.s 
of rivers, statiolled guards at the entrance of their towns, carefully 
removed any offensive matter, maintained a'rural police, organized 
extensive hunting-expeditions, at tinles even waged ,,"'ar upon neigh- 
boring communities, took prisoners and reduced them to a state of 
s,lavery; that they not merely stored up provisions ,,,ith due care, to 
avoid their decomposition by damp and fermentation, but that they 
kept cattle, and in some cases even cultivated the soil and gathered 
in the harvest. ",,-r e should unquestionably regard these crEatures as 
human beings who had made no small progress in civilization, and 
should ascribe their actions to reason. If ,ve were then told that 
they ,vere not Jncn, and they were in some places formidable enmnies 
to man, and had even by their continued molestations caused certain 
villages to be forsaken by all human occupants, our interest \vould 
perhaps be mixed with some little shade of anxiety lest ,ve were here 
confronted by a race who, under certain eventualities, might contest 
our claim to the sovereignty of the globe. But ,vhen 'we learn that 
these wonderful creatures are insects some few lines in length, our 
curiosity is cooled; we are apt, if duly guided by dominant prepos- 
sessions, to declare that the social organization of these beings is not 
civilization, but at most quasi-civilization; that their guiding prin- 
ciple is not reason, but" instinct," or quasi-intelligence, or some other 
of those unmeaning words which are so useful when we ",
ish to shut 
onr eyes to the truth. Yet that ants are really, for good or evil, a 
power in the earth, and tbat they seriously interfere with the cultiva- 
tion and development of some of the most productive regions known, 
is an established fact. A creature that cnn lay ,vaste the crops of a 
province or sack the warehouses of a to,vn has claims upon the notice 
of the ulerchant, the political economist, and tIle statesman, ns 'wel1 
as of the naturalist. 

Iany ohservers have been struck ,vith the curio1ls ]nixture of 
analogies and contrasts presented by the Annulosa and the Vertebrata. 
These two classes form, beyond any douht, the two leading subdi- 
visions of the animal kingdom. To them nineteen-twentieths of the 
population of the dry land, both as regards individuals and species, 
will be found to belonf;, :1n,i even in the ,vorld of ,vaters th
y are 
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largely represented. At the llead of tl1e Vertebrata stands the order 
of the PrÏInates, culminating in man. At the head of the AnnuloFa 
the corresponding place is taken by the IIymenopterous insects. It 
is very remarkable-as first pointed out, ,ve believe, Ly .1\11'. Darwin- 
that these two groups of :111Ï1nals l11aòe their appearance on the earth 
simultaneously. But along with this analogy ,ve find a contrast. 
lUau stands .alone among the Prilnates as a socially organized being, 
possessing a civilization. 
\.nlong the IIymenoptera the lead is un- 
doubted]y taken by the ants, ,vhich, like Ulan, have a brain nluch more 
highly developed than that of the neighboring inferior groups. But 
there is no one species of ant which enjoys a preëminence over its con- 
geners anything at all approaching in its nature and extent to ulan's 
superiority over the gorilla or the luias. 'Vhat may be tbe cause of 
this contrast ,ve kuo,v not. Perhaps it is nlerely due to the tendency 
of the Annulosa to branch out into a scarcely numerable host of forms, 
while the vertebrate structure, less plastic, lends its
lf more sparingly 
to variation. Perhaps, on the other hand, lo,ver human or higher ape 
forms than any no,v existing have beeu extirpated, as the traditions 
of many ancient nations would seem to adulit. 
At any rate, while the superiority of tIle ants as a group to the r('- 
Inaiuing I-IYlnenoptera, to all other insects, and to the rest of the annn
 
lose" sub-kingdolll," is undisputed, ,ve are una1le to decide which 
species of ant is elevated aLove tbe rest of tl)e Formicide family. Pos- 
sibly more extended and more systematic observations may settle this 
interesting question. According to our present knowledge the claims 
of the agricultural ant, of 'Vestern Texas (J.1Iyrrnica barbata), seem, 
perhaps, the strongest. This spècies, which has been carefully studied 
1y Dr. Lincecum, for the space of tweh
e years, is, save man, the 
only creature which does not depend for its sustenance on the prod- 
ucts of the chase or the spontaneous fruits of the earth. As soon as a 
colony of these ants has become sufficiently numerous they clear a 
tract of ground, sonle four or five feet in width, around their city. In 
this plot all existing plants are eradicat,ed, all stones and rubbish re- 
moved, and a peculiar species of grass is sown, the seeds of ,vhich re- 
semble very minute grains of rice. The field-for so ,ve must can it 
-is carefully tended by the ants, kept free from weeds, and guarded 
against marauding insects. 'Vhen n)ature, the crop is reaped and 
t.he seeds are carried into the nest.. If they are found to be too danlp 
they are eareful1y carried out, laid in the sunshine till sufficiently dry, 
and tlÚ
n housed again. This formation of 3,. plot of cleared land-or, 
as Dr. Linceculn not very happily terms it, a pavement-is a critical 
point in tl1e career of a young c0l11mnnity. .Any older and larger cit y 
which may lie ,vithin some fifty or sixty paces looks upon the step ns 
a casus bell?., and at once marches its armies to the attack. After a 
combat, which may be prolonged for days, Providence declares in 
favor of the largest b3.ttalions, and tbe less nunlerous conlnlunity is 
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exteqninated, fighting litcraUy to the last aut. 'Vhere a colony is 
unmolested it increases rapidly in population, and undertakes to lay 
out roads: one of these, from two to three inches in width, nas been 
traced to a distance of 100 yards from the city. These ants are not 
very carnivorous, nor do they (hunage the crops of neighboring farnl- 
ers. Persons who intrude upon the "pavenlcnt" are bittcn ,vith 
great zeal, but other'wise the species may be regarde<l .as harmle
s. 
One cr
ature alone they seenl to tolerate on their
' pavement "-the 
so-called srnall black " erratic" ant-,vhich, as Dr. Lincecum conject- 
ures, may be of sorne use to thmn, and which is therefore allowed to 
build its sman cities in their immediate neighborhood. If it becomès 
too lllunerous, however, it is got rid of, not tby open war, but by a 
course of systematic and yet apparently unintentional annoyance. 
The agricultural ants suddenly find that it is necessary to raise their 
pavement and enlarge the base of their city. In carrying out these 
a1terations they literally bury the nests of their neigh hors under heaps 
of tbe small pellets of soil thrown up by the prairie earth-"'
ornls, and 
continue this process till the erratic ants in sheer despair renlove to a 
quieter spot. 
Concerning the government either of the agricultural ants or ot 
other species, our knowledge is of a very negative character. The 
queens, or rather mothers, of the city are indeed treated with great 
attention, but their numùer is quite indefinite, and, unlike female 
hive-bees, no jealousy exists between thern. IIow their migrations
 
their wars, their slave-hunts, are decided on, or even how the guards 
on duty are appointed, and the visiting parties selected who go round 
to inspect the works, and who sometimes insist on the destruction and 
rebuilding of any -hadly-executed portion, ,ve are utterly ignorant. 
The outer manifestations of ant-life we have to some extent traced; 
but its inner springs, its directing and controlling powers, have eluded 
our observation. 
It has been remarked, in the Qll(Jrtel
ly Journal of Science, that 
ants, unlike man, have solved the problelll of the practical organiza- 
tion of comn}unism: this is literally true. In a formicary we can de- 
tect no trace of prÏ\Tate property; the territory, the buildings, the 
stores, the boot.y, exist equally for the henefit of alL Every ant has 
its wants supplied, and each in turn is prepared to ,,"ork or to fight 
for the community as zealously as if the benefit of such toil and peril 
were to accrue to itself alone. If t11e principle-so common among 
men-that there is no hal'ln in robbing or defrauding a municipal 
body, or the nation at large, crops up in an ant-hill at all, it nlust evi- 
dently be stamped out with an old-fashioned promptitude. But, to 
understand why the ant has succeeded where lnan has failed, we must 
turn to certain fundamental distinctions between human and ant so- 
ciety; or, perhaps, speaking more generally, het\veen the associations 
of vertebrate and those of allnulose animals. A human tribe or na- 
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tion-and, in like nlanner, e. g., a comnlunity ofbeavcrs or of rooks- 
is formed by the aggregation, not of single individuals, but of groups, 
each consisting of a nwJe, a female, and their offspring. The social 
unit among vertebrates, therefore, is the fan1Ïly, whether pennanent 
or tenlporary, and ,vhether nlonoganlolls or polygamous. In number- 
less cases the family exists without cOlllbining with other fan1Îlies to 
form a nation, but we greatly doubt if there exists a single case of a 
vertehrate nation not forllled of and resolvable into families. 
Among the Annulosa this is reversed. 'fhe family among thenl 
scarcely exists at all. I{arely is the union of the male and the female 
extendeà beyond the actual intercourse, all provision for the future 
young devolving upon tl}e latter alone. Among the rare exceptions 
to tl1Ís rule, we may Inention tbe burying-heetle, and seHle of the 
c1ung-l)eetles, both sexes of ,vhom labor conjointly to find and inter 
.the food in which the eggs are to be deposited. General1y speaking, 
moreover, the young insect never kno,vs-never even sees-its parents, 
who in most cases have died before it has elnerged fronl tIle egg. 
Among non-social insects the earwig and a few other Orthoptera form 
the chief exceptions. "There a regularly organized society, a nation, 
or trihe, exists among annulose aniIna]s, it is not formed by the coa- 
lescence of families to a higher unity. The falnily, if it can be said to 
exist at all, is contermil1ons and identical with the nation. This ab- 
sence of a something whose clainls are felt by all ordinary men to be 
stronger than t}]OEe of the state has rendered the successful organiza- 
tion of the" commune" feasible among ants, and anlong other social 
Hymenoptera, such as bees, wasps, etc. "'''''ith them the state has no 
rival, and absorbs all the energies ,vhich in l1uma!l society the indi- 
vidual devotes to the interests of his falnily. "T e thus see that the- 
orists on social reform have been, from their o,vn point of view, logi- 
cally consistent in attacking the institution of marriage and the "'Thole 
systeln of dOlnestic life: they have sought to abolish the great im- 
peLlilnent to the conlillune, and to approximate nUln to the condition 
of our six-footed rivals, and to constitute society not as heretofore or" 
molecules, ùut of atonlS. 
But it is not enough to show that the failure of cOlllmunism anlong 
mankind and its success among certain IIymenopterous insects are 
due to the existence and the po"rer of t he family in the former case, 
and to its absence in the latter. We have yet to inquire into the 
"Therefore of so important a distinction. Vertebrate society, where it 
exists at all, is founded on family life, because every vertebrate animal 
is sexual, and as such is attracted to sonle individual of the opposite. 
sex l)y the strongest instinct of its nature, that of self-preservation 
alone excepted. Invertebrate society, wlJCre it exists in perfection, as 
among the IIymenoptera, is not fornled by a union of families, because 
the great lllajority of IIymenopte]'ous individuals (in tile social sp
('i
s) 
are non-sexual, neuter, incapable of any l}rivate or donn'stic attach- 
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ments, and deyoted to the community alone. To attempt, without the 
existence of sllch an order, to introduce the social arrangements of the 
ant-i. c., COtll111Unis111-among nlankintl is as futile and as irrational 
as the endeavçr to fly \vithout w'ings: the very primary conditions for 
suceess aro ,yanting. 
It nlay not be amiss to examine a EttIe further in the same direc- 
tion. ....\Inong nlen there is a great diversity both in intel1eet anù in 
energy. The more Lighly-elldo\ved individual, if he does not leave l1Ïs 
children in a hetter position, nl
terially speaking, is likely to transn1Ït 
to then1 his own personal superiority. In this manner the theoretical 
equality assumed as one of the bases of conlmunism is in practice !tn- 
nihilated. An10ng ants nothing of this kind 1an prevail. The workers 
and the fighters are sexless. If any individual is superior to its fel- 
lows in strength or in intelligence-and ,ve have every reason to be- 
lieve that such 111ust be the case-it has no posterity to \VhOln its 
acquisitions could be bequeathed or its personal superiority handed 
do","n. lIence the formation of an aristocracy is impossible, and what- 
ever benefit may result from the labors of such an exceptional individ- 
ual flows to the entire comn1lu1Ïty. In the converse Inanner the forma- 
tion of a pariah, a criminal, or a pauper class, is frustrated, and the 
public is not burdened ,,"ith useless or dangerous existences. 
It is inclisputaùle that this arrangement, joineà to the brief tern1 
of insect-life, ITIUst greatly retard the progress of the ant in ciyiliza- 
tion. It has ùeen remarked that were human life longer our c1evelop- 
n1ent in kn
wledge and in the arts would be n1uch more rapid. Take 
our present condition: by the tin1e a man has complE'ted his ec1uC'ation, 
general and special-has fully developed his own mental faculties and 
mastered the position of the subject he has selected-he will be rarely 
less than five-and-twenty years of age. By the time he is fifty, as a 
rule, his power of origination begins to decline, and the remainder of 
his life is spent more in completing and rounding off the work of his · 
younger days than in rnaking fresh inroads into the unknown. Did 
our fnll vigor of intellect extend over a century, instead of ov
r a 
fourth of that duration, we should unf10ubtedly effect much more. 
On the other hand, a shortening of our time of activity would have a 
powerfully retarding effect on the career of discovery and invention. 
Can ,ve, then, ,yonder if the short-lived ant and bee sometimes appear 
to us stationary in their civilization? But this very brevity of the 
career of each individual acts decidedly in favor of the preser\patioH 
of social equality. If either ant or man is disposed to rise or to fall, 
then the shorter the time during which such rise or fall is possible the 
better will the uniform level of society be preserved. To })revpnt Inis- 
understanding we must rernark that castes ,yith a corresponding dif- 
ference of dutie
, and, accorc1ing to some authorities, with a diversity 
of honor also, do occur in the ant-hill; but within each caste all are 
on an exactly equal footing. 
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If we compare tho zoölogical rank of our" six-footed riYa}
" with 
our own, \VO must, from ono point of vicw, concede them a lJig11er po- 
sition. The more perfectly de\"elol)ed is any animal the more do \yO 
find it possess
cl of an especial organ for the discharge of every func- 
tion. In like manner it 111ay be contended that, as a species rises in 
the scale of being, duties once indiscrin1Ïnately perfornled by all the 
species are assignell to distinct individuals. Among the htlll1bler 
groups of the animal kingc10nl the whole reproductive task is ppr- 
fornled by all menlbers of the species. In other words, hernlaph- 
roditism prevails. As ,ve ascend to higher groups the Rexes are 
separated, and tbe species becoll1es dimorphous. This arrangement 
prevails :1nlong all vertebrate animals, and among a larbc nUljority 
of anllulose species. "\Ve find here already, however, one of thoso 
contrasts which so often prevail between these two great Eerics of 
beings. Among vertebrates, and especially in n1al1kind, the fUllction 
of the female sex scenlS limited to the l1urturc-intra- and extra- 
uterine-of the young. Were man immortal and non-re}Jroductive, 
WOnl:1U's 'raison d'être ,,'ould disappear. .Among Annulosa the very 
reverse holds good; tbe fenlales are as a rule larger, stronger, aHd 
1110re long-lived, while the tnsk of the 11lale seems limited to the 
fecundation of the ova. This being oncc. performed, his part is 
played. Alllong butterflies, n10t]1s, and ants, his death sl)eedily 
follows, while a11JOng spiders he is generally killed aud devoured by 
his l)(,
tter-half. This predominance of the fen1ale sex s
erns to pre- 
pare the ,yay for the phenomenon which we recognize among the 
sociallIynlenoptcra. IIere the spedes become no longer dimorphous, 
but polynlorphous. In other words, in addition to the lllales and 
fen1ales, whose task is 110W exclusively c011fincd to the 111ere function 
of reproduction, there arC', as \YO have seen, one or 1110re forms of 
females, sexually abortive, but so developed in other rCS}lects as to 
form the castes of workers and fighters, uIJon WhOlll 1 he real goyern- 
ment of the ant-hill devolves, ,,
ho provide for its enlargt'ment, ,yell- 
being, and defense. 
It lllay, ,ve think, be legitimately contended that the develop- 
ment of a distinct working order is a Ft<,]) in advance similar to tlIat 
taken hy tlw distribution of the sexual functions among two different 
individuals-that the polYlnorphic species is higher than the din10r- 
phic, just as t1lC dimorphic is higher than tho lllonomorphic. 
Of the development of a neuter order alllOl1g vertebrate aninlals, 
and {'specially among nlankind, ,,'e know nothillg which can 11e fairly 
called a traco. TIut, in cornparing the two civilizatiol1fo:, that of 111nn 
and that of the ant, we nln
t be 
trn('k ,,'ith the Ü1ct that the fornler 
has from tilDO to tinle iUlitated this ppcnliar featnr{'. TIlC attempts, 
howFvcr, ,vhether made hy the devotion of certain classes to celibaey 
or by actual ema
cnlatioll, ha YC heen as unFuccessful as the Ellanl 
elC'phantR of Scn1iral1}i
. CeIibntes retnining tl1e sexual appetite, but 
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deprived of its legitimate exercise, have always been a disturbing 
force in society. On the other hand, emasculation, instead of-as 
might llave been perhap
, a priori, anticipated-increasing the po"
ers 
of body and n1Ïnd, enfeebles both. 'Ybat would be the 1110ral and 
social effects of tbe appearance of a neutral fornl of the human species 
analogous to the workiug bee or ant it is impossible to foresee; but 
,ye may venture to surn1Ïse tbat they would not be entirely desirable. 1 
It may be suggested that the il1stitution of caste among so nIany 
human races is an adumbration of the l1atlual castes existing among 
social insects, each devoted to some especial function. 
The remarkable intelligence of ants has froill very early age.s 
made a profound impression on 111all. Cicer
 considered theln })OS- 
sessed of " Inind, reason, and men10ry." 2 To the present flay those 
".ho watch the forn1icary, not in order to defend prepossessions, but 
to arrive at truth, con1e to the same conclusion, unpopular tllouglJ it 
Inay be. 'Ve sOllletimes wonder ,,
hether ants, like men, consider 
thClllselves the sole reasonable beings on the globe, prove their posi- 
tion by sound a prio'ri argulnents, and accuse those ,yho take a differ- 
ent view of " skepticism" or " agnosticism." 
"Yhen it is no longer l)ossihle to meet with a flat denial all in- 
stances of correct inferences dra wn and of happy contrivances adopted 
by brutes in general and by ants in particular, the writers ,vho still 
claim reason as the exclusive prerogative of man bring forward a 
curious objection: they urge that we should likewise collect proofs of 
anilnal folly and stupidity, and se
m to thi.nk that these latter in- 
stances would nullify any conclusion t}Jat n1Ïght be drawn from the 
former. That instances are numerous w"here some animal fails to 
draw an inference-very obvious, in our vie,v-or to adopt some yery 
simple expedient, ,ye do not deny, and that their conduct hence seems 
strangely checkered, "
e admit. 'Vhat, e. g., can seem more incon- 
sistent than tbe follo\ving caf.:es? Sir J ol1n Luhbock, to test the in- 
telligence of ants, placed a strip of paper so as to serve as a bridge 
or ladder for S0111C ants which were carrying their pupæ by a very 
roundabout ,vay. The slip ,vas, howeyer, purposely left 8110rt of its 
destination by some small fraction of an il1ch. It would have been 
very easy for tbe ants eithcr to ]ulve dropped themselves and their 
burden clown this short distance, or to have handed the pupæ to the 
other ants below, or to have piled up a small amount of earth from 
below., so as to meet the slip of paper, and thus make tlle descending- 
road continuous. They adopted, howeyer, none of these expedients, 
but continued to travcl the roundabout "
ay. 


I It is very remarkable that among the Termites, which, though improperly cailed 
"white ants," belong to a different order of insects, neuters exist. These, however, do 
not appear to ùe imperfectly developed females. It would thus seem that among insects 
sorial organizJ.tion necessitates a class of sexless individuals. 
2 ")Iens, ratio, et memoria." 
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On the other hand, 1\11'. Tennant tel1s ns that FO,}
'Jnica s'Jnaragdina, 
in forming its dwellings by cementing together the leaves of growing 
trees, adopts the following nlethod: A line of ants, standing aJong 
the edge of one leaf, seize hold of another, and bring its margin in 
contact with the one on which they are posted. They tIlen hold both 
together with their mandibles, while their companions glue them fast 
with a kind of adhesive paper which they prepare. If the two !<?aves 
are so far apart that a single ant cannot reach from one to another, 
they form chains ,vith their bodies to span over the gap. The same 
author also informs us that certain Ceylonese aIlts, when carrying 
sand or dry earth for the construction of their nests, glue several 
grains together so as to fornl a lunlp as large as they can carry, and 
thus econoInize titne and labor. 
l\I1'. Belt, in bis " Naturalist in Kicaragua" (page 27), gives the 
. fol1owing account of the manner in 'w}1Ïch tIle Ecitons, or foraging 
ants of Central and South America, deal 'with ,,,hat may be called 
engineering difficulties: "I once saw a wide column trying to pass 
along a cl'ulnbling, nearly perpendicular slope. They' ,vonld haye 
got very slo,vly over it, and many of them would have fallen, but 
a number having secured their hold and reaching to each otJler re- 
mained stationary, and over thenl the main column pasEcd. Another 
tilne th0Y were crossing a water-course along a smaH branch, not 
thicker than a goose-quill. They widened this natural bridge to tlHce 
times its width, by a number of ants clinging to it al1d to each other 
on each side, o"er which the column passed three or four deep; where- 
as, except for this expedient, they would have had to pal's over in 
single file, and treble the time would have been ûonsullled." 
Again, in Eciton legionis, according to 1\lr. Bates, ,yllcn digging 
mines to get at another species of ant whose nests they were attack- 
ing, the workers were divided into parties, "one set excavating and 
another set carrying a,vay the grains of earth. 'Yhen the shafts 
hecame ratlJer deep the mining parties had to clin1 b up the sides each 
time they wished to cast out a pel1et of earth, but their .work ,vas 
lightened for tlIem by cornrades who stationed themselves at the 
mouth of the shaft and relieved them of their burdens, carrying the 
particles, ,vit h an appearance of foresight wl1Ïch quite staggered TIle, 
a sufficient distance from the edge of the hole to prevent theln fronl 
roBing in again." 
What, then, are ,ve to learn fronl thes(l somewlwt inconsistent 
cases? Are we to conclude that Sir John Lubbock, 1\11'. Belt, l\Jr. 
Bates, and 1\11'. Tennant, n1ust be careless and inconlpetent observers? 
Assuredly not. Are .we to believe that ants are stupid, irrational 
creatures, and that ,vhen thcy do anything right it must be regarded 
as an accident or ascribed to that convenient phanton1, instinct? 
Still les
: the well-established cases ,vhich are on reco
'd agree badly 
with cither of these suppositions. The true explanation of the diffi- 
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culty is tlwt, like all finite intelligences, ants are not equally wise on 
all occasions. SOlnetimes they hit upon the best expedient for evad- 
ing or overcolning an obstacle, but sOlnetinlcs, under circun1stances 
not 1l10l"e COlllplicatec1, they fail. This is doubtless the case with nlan 
hilnself. If cantem plated hy some being enùowed with higl1er rea- 
soning powers, ,vould he, not be pronounced a nlost curiously incon- 
sistent mixture of sagacity and stupidity, now solying prohlems of 
no small difficulty, and now standing helpless ill presence of others 
even Inorc simple? That such is in reality the case witL man is 
proveù by the history of discoveries, and of their reception. Do we 
not always say \rhen "
e hear of any great step, whether in scientÏ':fic 
theory or in the practical arts, "Ho\v sinlp\e, ho,v natural! " Yet, 
simple and natural as it is, all sorts and conditions of nlen lived for 
ceuturieR ,vithout opening their eyes to it. To tbose ,vho, on the 
score of incidental blunders and stupidities, deny the rationality of 
:J.ninlals, we would hold up the e\
er-nlemorable "egg" of Columbus, 
and (?xclaiIll, " 'Vhat, gentlenlen, do you expect the ant to be be more 
uniforlllly and consistently intelligent than Jour erudite selves?" 
Concerning the language of ants no sll1all diversity of opinion has 
prevailed; but among actual observers the general conclusion is that 
these tiny creatures can impart to each other information of a very 
d('fillite character, and not merely general signals, such as those of 
alann. It has been found that ants fetchet1 by a messenger for some 
especial purpose seem, when they arrive at the spot, to have some 
knowledge of the task which is awaiting them, and set about it at 
once ,vithout any preliminary investigation. The cases ,yhich ,ye 
quote elsewhere froln 
Ir. Belt are very conclusive on this point. In 
order to decide whether ants are really fetched to assist in tasks be- 
yond the strength of anyone of their number, Sir John Lubbock in- 
stituted a very interesting and decisiye experÏ1nent. It is "T
ll known 
that if the lar\"::o of ants are taken out of the nest, the workers never 
rest till they have fetched tben1 back. Sir John I
ubbock took a nUll1- 
bel' of larvro out of his experiInental forn1icary, and placed them aside 
in two parcels very unequal in nUlnb0r. Each of these lots ,vas soon 
ùiscovered by an ant, who at on('e fell to work to carry the larvæ 
back to the nest, and was soon joined by others, eager to assist. The 
observer reasoned thus: If these ants haye come to the spot by acci- 
dent, it is probable that the number who arriye at each lot will be 
approximately equal. On the other IJand, if they are intentionally 
fetched to assist in removing the larvæ, the number in each case ,viII 
most likely bear some proportion to the amount of work to be done. 
Th
 result \yas, that the large heap of larvæ was visited hy about three 
times fiS many ants as the small one. Hence the inference is plain 
that ants can call assistance to any task in "r]1Ích they are engaged, 
that they can fornl SOlne estitnate of the aU10unt of labor that will 
be requiretl, and can make their \.iews in son1e 111a1111('r known to their 



OUR SI.Á-Y-FOOTED RIVALS. 


20 5 


companions. The manner in which, 'when on the 111arc}1, tlH:y are 
directed by their officers, and the promptitude and )Jn
cision with 
which a column is sent ont to seize any booty indicated by scouting- 
part ies, show likewise a completenf'ss and precision of langu::tge very 
different from anything "Te observe in quadrupeds and birds. 
But as to the nature of this language, ,vhich 
Ir. Dolt rightly cans 
" wonderful," ,ve are as yet very mnch in the dark. Sounds audiLle 
to onr ears they scarcely can be said to elnlt. 'Their principal organs 
of speech are doubtless the antennæ: with these, wh
n seeking to 
communicate intelligence, they touch each other in a variety of ways. 
There can be no doubt that, with organs so flexible and so sensitive, 
an interchange not Inerely of emotions but of iòeas must be easy. 
But there is another channel of communication which d('ser\'es to 
be carefully inyestigated. "T e kno\v tl1at the language of yertebrates, 
or at least of their higher sections, turns on the production or recog- 
. nition of sounds. "That if the language of social iusects should be 
found to depend, in part at least, on the production and recognition 
of odors? 'Ve have already fun l:;roof that their sense of smell is de- 
veloped to a degree of acuteness and delicacy which utterly passes 
our conceptions of possibility, and to ,vhieh the scent of the keenest 
hound presents but a very faint approximation. Collectors of Lepi- 
doptera are ,veIl a,vare that if a virgin female 1110th of certain species 
is incl03ed in a box, males of the same species ,vill Inake their ap- 
pearance from distances ,yl1Ích may ùe relatively pronounced pro- 
digious. As soon, ho,vever, as the decoy J1as been fecundated, this 
attraction ceases. This is only one anlong the nlany phenonlena 
which testify to the ,yonderfnl olfactorr po,vers of insects. So Inuch, 
then, for the recognition of odors. Nor is their production anlong in- 
sects a Inatter open to doubt. Scents, distinctly perceptiLle even to 
our duller organs, are given off hy nlany. The pleasant odor of the 
nlusk-beet1e, and the offensh-e smells of the ladybirds, the COlnn10n 
gronnd-beetles, the oil-beetles, the Spanish fly, and the" devil's coach- 
horse "-hence technically named Gærius olens-are known to every 
tyro in entomology. The next question is, .Are these odors at all 
under the control of the insect, and capable of being produced, 
up- 
pressed, or modified at will? 'Ve have noticed many instances where 
the odors of insects hecame more intense under thp influence of anger 
or al
rm. A peculiarly pungent odor is 
aid to issue fronl a beehive 
if the innlates are becolning excited. 
The possibility of a scent-Iangunge anlong insects must therefore 
be conceded. :IUr. Belt thinks that the Eeitons 11lark ont a track which 
is to be fol1oweù hy their conlradf's by imparting to it S0l11e )1ecnliar 
odor. lIe says: "At one point I noticed a sort of assemhly of about 
a dozen individuals that appeared in consultation. Suddenly one ant 
If'ft the conclave, and ran with great speed up tIle perpendicular face 
of the cutting without stopping. It ,,"as follo,,"ed hy ot]1ers, which, 
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ho\veyer, did not keep straight on like the first, but ran a short way, 
then returned, and then again followed a little farther than the first 
time. They were evidently scenting the trail of the pioneer, and 
nutking iL permanently recognizable. These ants follo'wed the exact 
line taken by the first one, though it "Tas far out ðf sight. 'Yher- 
ever it had nutde a slight détour, they did 
o like,vise. 1 scraped with 
my knife a small portion of the clay on the trail, and the ants ,vere 
cOlllpletely at fault for a tilue ,vhich ,yay to go. Those ascending 
and those descending stopped at tl)e scraped portio}], and made short 
circuits until they hit the scented trail again, when all their hesi- 
tation vanished, and they ran up and down it with the greatest con- 
fidence." 
That anlong groups like the Ecitons, in \vhich the sense of sight 
is Ï1uperfect, or even totaHy wanting, enhanced delicacy of scent and 
touch nlust be required in cornpensation, may be taken as self-evident. 
'Yith the language of ants, and especially '''1th a possible sceut-lan- 
guage, is connected the faculty by Ineans of which denizens of the 
s:tme city recognize each other under circulllstances of grea
 diffi- 
culty. In the battles which take place between two nations of the 
same species, how, sa,'e by scent, do tbe tiny warriors distinguish 
friend froln foe? 'Ye are told by some older observers that if an 
ant is taken from the nest, and restored after the lapse of several 
mOllths, it is at once received by its companions and caressed, ,y))ile 
a stranger ant introduced at the same time is rejected, and generally 
killed. To a great extent this has been coufinned 1)y recent investi- 
gators. The returned exile was not indeed cal'e

ecl, but was quietly 
allowed to enter the nest, ,vhile a stranger "as at once greeted with 
hostile demonstr3.tions. It has been nlaintained that this po,ver of 
recognition is destroyed by ,yater, and that ants will treat a comrade 
as an enenlY if he has receivel1 a drenching. This, however, is eyi- 
delltly a n1Ïstake. To prevent rain froln penetrating into the nests . 
of the agricultural ant, the guards block np the doorways with their 
bodies, and are often drowned at their posts. TInt their companiûns 
are not thereby prevented from recognizing them, as they try to bring 
the ùeacl bodies to life.- Quarterly Journal of Science. 
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By PORTER POIXIER. 
I. 
A nECAPITULATIO
 of the various conjectures "Thich have been 
advanced in explanation of so ever-fan1Ïliar a sensation :-IS that of 
,varmth or heat, "Tonld neither prove particularly feasil)le no)' inter- 
estino-. for doubtless c1nrino- the vast P eriod of tinle which has ela p sed 
n' :::! 
] Introduction to an unpublished work on Thermo-Dynamics. 
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since the enunciation of atomic doctrines by the old Greek philoso- 
phers-and from their great suggestiveness-the speculations of re- 
flective n1Înds have ,vand(\red over 'wellnigh every in1aginable hy- 
pothesis, and approxilnated with greater or less n1Ïnuteness to the 
views 'which arc adnlÍtted now, and which ,ve think to be supported 
by experiment. Thus, as a ca::;e in point, we l11ay refer to Galileo/ 
whose resource of observation could have scarcely been superior to 
Archiu1edes's, and who would seem to have conceived of an increase 
of heat as only a Illore elementary conùition of material fSuLstanc<;, in 
,vhich the more or less considerable destruction of molecular bonds 
allowed the individual partides of a body to move among thenH,clves 
with a more unconstrained vibration. 
But very fe\v anlong the countless suppositions w}}ich "-0 might 
thus succeed in raking up, however curious or predictive in then1- 
selves, would have the slightest bearing on our present suhject. De- 
. veloped only to the extent demanded by the superiority of the scho- 
lastic mind, they would be found in general mere arbitrary, ,vl1imsical 
assertions; untried and unsupported by critically-devised experin1ents. 
'Vith the refonnatioll of philosophy does our Jtistorical sketch then 
. properly begin, and, moreover, "yith . Lord Bacon as its founder; for, 
in illustrating the proper method of establishing a philosol)hical doc- 
trine, he forever identified himself ,vith the dyn
lInic theory, by s})O,y- 
ing that the most con1prehensive explanations 'were afforded by con- 
sidering heat to be an intestine nlotion of the constituent particles of a 
body. Systenlatically reviewing the known properties and effects of 
heat-the only practicable course open to hÏ1n-he concluded ill t}w 
following menlorable and oft-quoted passages: 2 
"Atque l1æc sit Prima Vindemiatio, sive Interpretatio incl10ata de Forma 
Calidi, facta per Permission em Intellectus. 
" Ex Vindemiatione autem ista Prima, Forma sive definitio vera Ca]oris (ejus 
qui est in ordine ad universun1), non relativus tantummodo ad sensum talis est, 
brevi verborum ,complexu: Calor est 'mot1.<.S eJ-'pansi'C'Us, coltibitus, et nitens pe1" 
partes minorcs." 


"\tVe find, therefore, in 01(le1" ,vritings, the first considerable snpport 
of this doctrine attributed to Bacon; and it must be conceded tbat to 
the po,ver and viviilness wit h which he portrayed lJÍs conc(\ptim.l of 
this agent "
as due in a great rneasure the tenacity with which it W:l.S 
aftl'rward, from time to time, lH'onght forwanl and nphel<..1. 
The subsequent supporters of this view, though not pC'rhaps 1))05t 
numerous, c0111prisecl by far the most distingni
h('d and profound 
philosophers of their time, their writings furnishing n)any rel1larl.;:aLle 
anticipations of heat-theory as no,v received. 


1 "Opere di Galileo Galilei," tom, ii., p. 505, et seq. 
2 "Novum Organum," lib. sec., aphorism 20. Rpedding and Ellis's translation, \01. iv., 
p. 1:54. ' 
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Newton,l quite singularly, \vhile rejecting the wave-theory of light, 
gave his assent to the analogous idea::; respecting heat; and, in so far 
as \'
e lnay judge, conceived the \varn1th e
cited in a body,vheu ex- 
posed to light or radiant beat to be due to the little shocks which 
luminous or radiant materiallllight produce in it. 
IIuyghens, Hooke, Locke, and Cavendish, among others, were also 
favorahly inclined to the Baconian vie\v; 2 the ,yorks of IIooke par- 
ticularly containing HULny and strong expositions of the vibratory 
notion, and his comlnents on the mechanical and chemical produc- 
tion of heat being urged often ,vith as great clearness, and as sub- 
tile a })erception of occult natural causes, as any which ",ye now 
3 
possess. 
But the adaptation of the kno\vn "laws of Inotion " to these opera- 
tions, \vhereby heat n1Ïght in lnany instances have been directly cor- 
related to the energy expended in producing it, "
as not until long 
after definitely proposed; and though, in 1744, Boyle'" perhaps as in- 
telligently fiS anyone before him, had attributed tbe heating of a 
hanllllered body to the transfer of the" motion" of the hanuuer to the 
u1tin13te particles of the body struck, yet the idea of the indestructi- 
bility of energy in all cases, and of course, therefore, in the nlechani- 
cal excitation of heat, \vonld not seem to have been exprpssly urged 
before the tinle of Rumford and Sir IIulnphry Davy. 
In the n1ean 'while, however, a ne\v doctrine was brought forth, as- 
signing to heat a material existence and chemical properties. First 
1 Newton's" Optice," queries at the end of treatise, especially Kos. 6, 8, 12, 18, 23, 
and 31. . 
2 The idcas of Huyghells on this point would seem to have resembled somewhat those 
of Galileo, already quoted. See U Exposé de Ja Situation de la Mécanique Appliquée," 
par Combes, etc., p. 200. Paris, 1867. And Locke quite uniformly made use of Bacon's 
hypothesis. See particularly his essay on the" Conduct of the Human Understanding, 
Elements of Natural Philosophy," chap. xL, where he saJTs : 
" Heat is a very brisk agitation of tbe insensible parts of th
 object which produces · 
in us that sensation whence we denominate the object hot; so what in our sensation is 
beat, in the object is nothing but motion. . . . 
" On the other sidf', the utmost degree of co1d is the cessation of that Illotion of the 
insensible particles which to our touch is heat." 
3 Hooke's" )Iicrographia," obs. xvi., 12th particular. " Posthumous 'V o1'ks," p. 40. 
"Lectures on Light," p. 116. 
4 ".And now I speak of striking an iron with a hammer, I am put in mind of an opera- 
tion that seems to contradict, but does indeed confirm our tlH'ory: namely, that if a some- 
what longer nail be driven by a hammer into a plank or piece of wood, it will receive 
divers strokes on the head before it grow hot; but when it is drh-en to the head, so that 
it can go no further, a few strokes will suffice to give it a considerable heat; for while at 
every blow of the hammer the nail enters further and furtber into the wood, the motion 
tbat is produced is chiefly progressive, and is of the whole nail tending one way; whf're- 
as, when that motion is stopped, then the impulse given by the stroke being unable either 
to drive the nail further on or destroy its entireness, must be spent in making a various, 
vehement, and intestine commotion of the parts amon
 themselves, and in such an one 
we formerly observed the nature of heat to consist.'" -(Boyle, " On the Mechanical Origin 
of Heat and Cold," " Complete 'Vorks," vol. iv., p. 236, et seg., expo vi.) 
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advocated, it is thought, by Boerhaave 1 and Lérnery,2 it received in 
1787 the unrcstrictpd name" caloric" from the French Academy. 
According to these hypothetic notions, singularly cranlped and 
SUl)erficial, as compared with the more fruitful ideas of Bacon, caloric, 
or the matter of heat, ,vas thought to be a highly-elastic, inlpOlldel'- 
able fluid; ,vhich, distributed among the constituent molecules of 
bodies, in quantities varying with the temperature in the saIne, or the 
" capacity" in different kinds of substance, occasioned all the known 
phenolllena of heat: the sensation, through an occult pro})el'ty of its 
own; expansion and repulsion, by the entrance of its own substance 
among the molecules of the bodies heated; a change of state whenever 
the effective action of any particular set of molecular forces should 
thus happen to be overcome; and in radiation passing from one body 
to another ,vith vast swiftness. Being, n10reover, an unchangeable 
material, a definite created quantity of it was considered to exist at 
"all times in the universe. 
The idea of a substance unaffected by the force of gravity did not 
appear so very improbable in those da)"s, while the then frequent 
separation of some new or more elementary gas, and the astonishing 
effects directly traceable to their action, quite naturally suggested an 
analogous causation in thermal phenon1(
na. 
The discovery by Black, of latent heat,3 seelned also to supply the 
necessary induction for its quantitative treatment; so t)lat tow::nL1 the 
beginning of the present century, and upon chemical considerations 
luerely, the hypothesis of caloric had succeeded in su})planting quite 
effectual] y the ideas of Bacon. 
The explanations which it gave of the mechanical excitation of 
heat ,vere not 80 plausible, h<Hvever; certain phenomena appearing 
utterJy incongruous "Tith the idea of an unalterable lllaterial supply 
of heat-substance, and its continued production of friction--a phe- 
nomenon which )1as been since said to have furnished tIle key to the 
whole science of thermo-dynamics-serving eventually to eonlpletely 
overturn it. In explaining Ruch phenomena, therefore, those who still 
chose the material hypothesis w'ere compelled to overlook SOllIe very 
significant objections; while, still supposing it to be a yibratory mo- 


1 "Dc Ig-ne, EIementa Chemiæ," i., 116. 
2 "Sur la Matière du Feu," " Histoire et :Mémoires de PAc. Par.," 1709, pp. 6, 400. 
3 'Ve know, however, that these discoveries did not fail to be correctly interpreted at 
the time, for Cavendish, in a foot-note to some" Observations on :Mr. Hutchinson's Ex.. 
periments," etc., "Philosophical Transactions," 1783, p. 312, remarked: 
" I am informed that Dr. Black explains the above-mentioned phenomenn in the same 
manner; only instead of using the expression, 'heat is generated or produced,' he 8ays, 
, latent heat is evolved or set free;' but as this expression relates to an hypothe:,:is de- 
pending on the supposition that the heat of bodies is owing to their containing- more 0" 
less of a substance cal1ed the matter of heat, and as I think Sir Isaac .Kewton's opinion, 
that heat consists in the internal motion of the pa!,ticlcs of bodies, much tbe most prob- 
ab]e, I choo!'e to use the expression' heat is generated.' " 
VOT.. xII.-14 
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tion, tbe addition31 phenomena of latent or specific heats were not at 
all irreconcilable or difficult of explanation. 
Thus Lavoisier and Laplace, in their fanlOUS "l\Iémoire f;ur la Cha- 
leur" of 1780, though still retaining and defEnding the idens of caloric, 
admitted the frictional excitation of heat to be "favorable" to the 
dynamical hypothesis. But it is, on the other hand, to be relnem- 
bered that the earlier experinlents devoted to the study of tllis point 
had been by no means unnlistakable in their indications, directed as 
they had been rather to the detection of some suspected influence of 
the rubbing surfaces than to the investigation of any possible relation 
Letween the heat produced and tbe energy expended in producing it. 
The material hypothesis "
as, therefore, the prevailing one, ,vhen 
about the year 1797 Count Rumford,t .while Efngaged in superintend- 
ing the construction of cannon at the military arsenal at l\lunicJl, be- 
came impressed by the considerable generation of heat acconlpanying 
their boring. And as he thought upon the explanation of the phe- 
nomenon consistent with the then preyailing idens as to the intinlatc 
nature of beat, it seemed to hin1 impossible that an apparently un- 
liolJted supply of any substance could be sepnrated from so inconsid- 
erable a quantity of borings. The doubt increasell when, upon nlak- 
ing the detern1Ïnation, he found the specific heat of tJ1Ïs d[bJ"'ls to be 
the saIne, apparently, as that of the mass of metal from which it had 
been separated: for in some obscure nlanner the" capacity" for beat 
of any Lody, or the total quantity of it "TI1Ïch it might hold in any 
particular state, was considered to be intimately connected witl}, if 
not entirely defined by, its specific heat. 
But, though he quoted this ex})eriment fiS sufficiently COl1clu
ive 
that the heat set free by friction could not have heen produced at the 
expense of any caloric latent in the metal, he undertook the foIIo,ying 
more elaborate investigation to determine all the eirClll11stances which 
Inight possibly exert an influence on its production: find it appears, 
both from h
s method of procedure and the argunlents with which he 
supplemf'nted his results, that he had fully comprehended the philo- 
súphical consequences of each rival theory. 
In view of the preëIninent importance of these first conclush-e and 
.well-understood experiments, both .with respect to the establishnlent 
of the dynamic theory upon an experimental basis, ana t1le undoubted 
c1aiIn of their author to be considered as its founder, .we here giye as 
detailed an account of his investigations as may be thOUgJlt admissible 
in a work intended merely for didactic purposes; and "Te conceive a 
full statement upon this most important point to be the more de- 
sirable, from the fact that the con1pleteness with ,,
hich he then 
dcnl01ished the material hypothesis, and the maturity of his views 
respecting the dynamical nature of heat, do not of Jate seem to 
1 " Inquiry concerning the Source of the Heat which is excited by Friction," "Phil- 
osophical Transactions," 1798, p. 80. " Complete 'V orks," Am. Ac. cd., p. 400. 
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have gained the unqualified recognition whicb they most certainly 
deserve. 
Taking the casting of a brass cannon, solid and rough as it canle 
from the foundery, and with the cylindrical n1ass of metal a (Fig. 1), 
called the verlorner Kopf, still adhering to the muzzle, Rumford caused 
to be turned upon the superfluous end a slllaller cylinder, b (Fig. 2), 
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FIG. 1. 


7-1 inches in diameter and 9.8 inches long, and ,,
hieh remained con- 
nected to the cannon proper by the neck, e, 2.5 in diameter and 3.8 
inches long. 
The whole mass being then secur
d in the apparatus used for bor- 
ing (Fig. 2), a cavity 7.2 inches long and 3.7 in diameter ,vas bored 
in b, in the direetion of its axis, so that a metal bottom, 2.6 inches 
thick, remained between the borer and the neck. In this also a small 
round hole, c d (Fig. 3), ,vas radially bored for the insertion of a 
thermometer. The cylinder, neck, etc., are represented Ul)orÌ a some- 
,vhat h
;rger scale in Fig. 3. 
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FIG. 3. 


The borer used to create friction upon this 1l1
tallic bottolll was a. 
flat piece of hardened steel, 0.63 inch in thickness, four incllcs long, 
and nearly as "..iae as the cylindri{'al bore in ,,-hich it turned, 3-! 
inches; so that the area of contact ,vith tllG bottonl .was al)out 2.33 
square inches. This borer ,vas securely beld in place against tl1e bot- 
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tOlll of the cylinller, and kept from turning by an iron hal', 'in j and 
thus disposed for the experiment the apparàtus i::; repre
ented in 
Fi g. 2. 
In H,umford's first determination the borer was forced against thp 
bottom with a pressure of about 10,000 pounds, and the cylinder was 
l.otated at the rate of thirty-t\yO turns in a minute, by the labor of 
two horses. To prevent also as far as possible any loss of heat 
by radiation, tbe exposed parts were protected by thick coverings of 
flannel. 
At the beginning of the experiment the tem'peratnre throughout, 
as ,veIl as that of the surrounding air, was 60 0 Fahr.; at the end of 
thirty lninutes, when 960 revolutions of the cJ'linder had been made, 
the temperature, as indicated by a thermometer introduced into the 
small hole, had risen to 130 0 . 
Collecting the metallic dust-or, as he described it, scaly matter- 
which had been detached, he found upon a careful \veighing that it 
amounted to but 837 grains, or 54.2 grammes. Its inadequacy to 
account for the large excitation of heat fully ilnpressec1 hiIn, and he 
exclailns : 
" Is it possible that the very considerable quantity of heat that wa.s produced 
in this experiment (a quantity which actually raised the temperature of above 
113 pounds of gun-metal at least 70 0 of Fahrenheit's thermometer, and which, of 
course, would have been capable of melting six pounds and a half of ice, or of 
causing nearly five pounds of ice-cold water to boil) could have been furnislwd by 
so inconsiderable a quantity of metallic dust, and this merely in consequence of 
a change of its capacity for heat? 
,. As the weight of this dust (837 grains, Troy) amounted to no more than 
1íh part of that of the cylinder, it must have lost no less than 948 0 of heat, to 
have been able to raise the temperature of the cylinder 10; and consequently it 
lllust have given off 66,3600 of beat to have produced the effects which were 
actually found to hmye been produced in the experiment! 
"But without insisting on the improbability of this supposition, we have 
only to recoHect that from the results of actual and decisive experiment:;:, made 
for the express purpose of ascertaining that fact, the capacity for 11eat of the 
metal of which great guns are cast is not sensibly changed by being reduced to 
the form of JnetalHc chips in the operation of boring cannon; and there does not 
seem to be any reason to think that it can be much changed, if it be changed at 
all, in being reduced to much smaller pieces by means of a borer that is less 
sharp. 
"If the heat, or any considerable part of it, were produced in consequence 
of a change in the capacity for heat of a part of the metal of the cy1inder, as 
such change would on]y be superficial, the cylinder would by degrees be ex- 
hausted,. or the quantities of heat produced in any given short space of time 
'VouId be found to diminish gradually in successive experiments. To find out if 
this really happened or not, I repeated the last-mentioned experinlent several 
times with the utmost care; but I did not discover the smallest sign of ex- 
baustion in the metal, notwithstanding the large quantities of heat actually 
given off. 
" Finding so much reason to conclude tt.at the heat generated in these e:t- 
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periments, or excite(l, as I would rather choose to express it, was not furnished 
at the expense of the latent lwat, or combined c(tlm'ic of the metal, I pushed my 
inquiries a step farther, and endeavored to find out whether "the air did, or did 
not, contribute anything in the generation of it." 


In thi8, his Experiment NO.2, the only modification consisted in 
fitting the steel borer 'with an air-tight piston, packed with oiled 
leather, by ,vbìch any circulation of air from without to the interior 
W2S prevented. But in the use of this device the oiled leather itself, 
by its friction with the sides of the borer, prot1uced considerable heat, 
so that, to ohviate. any possible objection as to this point, Rumford 
bad reconrse to his third and nlost celebrated experin1ent. 
In this, the friction cylinder "Tas made to rotate in a water-tight 
box, wbich, being filled with water, completely submerged all the hoat- 
producing parts. Here, therefore, the only supply of caloric, if any, 
lay in the ,vater, which itself was to be heated by.the friction; for 
. baù any caloric been abstracted by the heated 'water from the ambient 
air, there would haye necessarily been a flo"'
 of heat from a cool body 
to a warmer, which everyone adn1Ïtted to be contrary to experience. 
The apparatus, therefore, having been arranged, t11e box was filled 
,vith ,vater at the temperature of 60 0 Fallr., and the machinery put in 
Inotion. 
With reference 1.0 what follo,vec1, Ilumforcl remarked: 
" The result of this beautiful experiment was very striking, and the pleasure 
it afforded me amply repaid me for all the trouble I bad had in contriving and 
arranging the complicated machinery used in making it. 
" The cylinder, revoldng at the rate of about thirty-two times in a minute, 
haù been in motion but a short time, when I perceived, by putting my hand into 
the water and touching the outside of the cylinder, that heat was generated; 
and it was not long before the water which surrounded the cylinder began to be 
sensibly warm. 
" At the end of one hour I found, by plunging a thermometer into the wateJ' 
in the box (t1]e quantity of wbich fluid mnounted to 18.77 pounds, avoirdupois, 
or two and a quarter wine-gallons), that its temperature had been raised no less 
than 47 0 ; being now 107 0 of Fahrenheit's scale. 
"'\Vhen thirty minutes more had elapsed, or one hour and thirty minutes 
after the machinery had been put in 11lotion, the heat of the water in the box 
was 142 0 . 
"At the end of two hours, reckoning from the beginning of the experiment, 
the temperature of the water was found to be raisetl to 178 0 . 
"At two hours twenty minutes it was at 200 0 ; and at two hours thirty 
minutes it ACTUALLY BOILED! 
"The quantity of beat excited and accumulated in this experiment was very 
considerable; for, not only the water in the box, but also the box itself (which 
weighed 15} pounds), and the hollow Dletallic cylinder, and tlUlt part of tlle 
iron har which, being situated ,,'ithin the cavity of the box, was immersed in 
the water, were heated 150 0 Fahr., namely, frOll1 60 0 (which was the tempera- 
ture of the water and of the machinery at the beginning of the experiment) to 
210 0 , the heat of boiling water at Munich." 
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The total quantity of heat generated may be estimated with some 
considerable dC2:ree of l )recision as follows: . 
....... Quantity of ice-cold 
water which, with 
the given quantity 
" Of the heat excited there appears to have been actuaJIy of heat, might have 
'heeu heatec1180 o , or 
accumulated: made to boil. 
" In the water contained in the wooden box, 18! pounds, In avoirdupois wcilb

' 
avoirdupois, beated 150 0 , namely, frOln 60 0 to 100 0 Fahr. . 15.2 
"In 113.13 pounds of gun-Inetal (the hollow cylinder), heated 150 0 ; 
and, as the capacity for heat of this metal is to that of water as 0.1100 to 
1.0000, this quantity of heat would have heated 12!- pounùs of water the 
same number of degrees . 10.37 
" In 3ü.75 cubic inches of iron (being that part of the iron bar to which 
the borer was fixed which entered the box), heated 1900; which may be 
reckoned equal in capacity for heat to 1.21 pound of water . . . 1.01 
"N. B.-
o estimate is here made of the beat accumulated in the 
wooden box, nor of that dispersed during the experiment. 
"Total quantity of ice-cold watel o which, with the heat actuaHy gen- 
erated by friction, and accumulated in two hours and thirty minutes, _ 
niight have been heated 180 0 , or made to boil . . 26.58 
" As the machinery used in this experiment cOlùd easily be carried round 
by the force of one horse (though, to render the work lighter, two horses were 
actually employed in doing it), these computations show further how Jarge a. 
quantity of heat might be produced, by proper mechanical contrivance, merely 
by the strength of a horse, without either fire, light, combustion, or chemical 
decomposition; and, in a case of necessity, the heat thus produced might be used 
in cooking victuals. 
" But no circumstances can be imagined in which this method of procuring 
heat would not be disadvantageous; for more beat might be obtained by using 
the fodder necessary for the support of a horse as fuel. . . . 
" By meditating on the results of all these experiments, we are naturally 
brought to that great question which JUtS 80 often been the subject of specula- 
tion among philosophers, nmnely: 
""hat is heat? Is there any such thing as an igneous fl1JÍ(l '/ Is there- any- 
thing that can with propriety be called caloric? 
" We have seen that a very considerable quantity of heat måy be excited in 
the friction of two lnetallic surfaces, and given off in a constant stream or flux 
in all directioWJ without interruption or intermission, and without any signs of 
diminution or exhaustion. 
"Whence came the heat which was continually given off in this manner 
in the foregoing experiments? 1Vas it furnished by the small particles of 
metal, detached from the larger solid masses, on their being rubbed together 1 
This, as we have already seen, could not possibly haye been the case. 
" Was it furnished by the air? This could not ha\Te been the case; for, in 
three of the experiments, the machinery being kept immersed in water, the ac- 
cess of the air of the atmosphere was completely prevented. 
" Was it furnished by the water which surrounded the machinery? That 
this could not have been the case is evident: 1. Because this water was con- 
tinually receiving heat from the machinery, and could not at the same time be 
giving to and receiving heat from the same body; and, 2. Because there was no 
chemical decomposition of any part of this water. Had any such decomposition 
taken place (which, indeed, could net l'ea
onably have been expected), one of its 
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component cJastic fluids (most probabJy inflammable air) must at the same timo 
have been set at liberty, and, in making its escape into the atmosphere, would 
have been detected; but, though I frequently examined the water to see if any 
air-bubbles rose up through it, and had even Inade preparations for catching 
them, in order to examine them, if any should appear, I could perceive none; 
nor was there any sign of dccompasition of any kind whatever, or other chcmi- 
cal process, going on in the water. 
., Is it possible that the heat could have been supplied by means of the iron 
bar, to the end of which the blunt steel horer was fixed, or by the sma}] neck 
of gun-metal by which the hollow cylinder was united to the cannon 
 These 
suppositions appear more improbable even than cither of those before mentioned; 
for heat was continually going off, or out of the machinery, by both these pas- 
sages, during the whole time the experiment lasted. 
"And, in reasoning on this subject, we must not forget to consider that most 
remarkable circumstance, that the source of the heat generated by friction, in 
these experiments, appeared evidently to be inexhaustible. 
"It is harùly necessary to add that anything which any insulated body, or 
. system of bodies, can continue to furnish without limitation, cannot possibly be 
a mate/rial suùstance; and it appears to me to be extremely difficult, if not quite 
impossible, to form any distinct ídea of anything capable of being excited and 
communicated in the manner the heat was excited and communicated in these 
experiments, except it be motion." 


From this quotation we see, then, that Rumford, .with a sagacity 
indeed consummate, bad seized upon the most notable circulllstallce 
l)resented hy these experilnents, against the materiality of heat. Ital- 
icizing the word inexhaustible-a far lllore significant proceeding than 
the use of any acids would have been-}]e s]10wed most incontestably 
that, to still further reconcile the doctrine of caloric with expericnce, 
it would be necessary to admit the creation of it-a substance-in 
the production of heat by friction. But, even against so absurd a 
proposition, he proceeded to prepare, when he subjected to a conl- 
parative investigation the q'ltantities of energy expended and heat 
produced in such an operation. 
In his "Experiment No.3" 11e made, as may have been already 
noticed, nearly all the observations and corrections necessary for 
an entirely trustworthy estimate of t]1e "mechanical equivalent of 
heat; "1 an(l, although never literally enlploying such a term, ]1e sub- 
sequently stated, in reviewing stiH other experiments undertaken at 
1 Its value from the data given may be calculated as follows: 
Considering the shape of the borer, and its contact with the bottom of the cyìinder, 
we see that the moment of friction may be represented by the expression- 
f ' a 
4fp r 2 sin -1 _ d 1', 
.. r 
where f denotes the coefficient of friction, p the total pressure between the rubbing sur. 
faces, r the variable distance from the axis, of any rubbing particle, and a the half-width 
of the borer: when, moreover, the superior value of r alone is substituted. 
The integral indicated is- 
{ r 3 a m' a r + 
/ ( a a 2 - a 2 ) } , 
4fp) _sin -1 _ + __ t'(r 2 -a 2 ) + 
 log 't' 
l 3 r ß 6 
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about this p
riod/ that the heat so generated" is exactly proportional 
to tlte force 'with wltich tile two su'rfaces are IJressed together, and to 
the rapÙlity of tlte friction:" in other ,vords, that the production of 
heat is "exactly proportional" to the ,vork expended in producing it. 
First drawing attention to the aùsurdity of an apparatus contain- 
ing or creating an indefinite supply of a material substance; then 
proving by experiment that the quantities of heat excited in a given 
time ,vere proportional to the expenditures of an entirely different 
magnitude - ,vork: he must be credited not only with the first 
cOllclw;ive, but with the most ,veighty argulnent initially ayailab]e, 
against the existence of caloric, or in favor of the dynamic origin 
f 
heat. 


... 


OPEX AIR .J.\.KD IIE.A,LTII. 2 


By DR. PAUL KIE
IEY ER. 


I SPARE the reader tl1e diffuseness of an introduction, by telling 
hill1 of a scene in an omnibus, which hinged on the question wheth- 
er the conductor should open or shut the windows. On the left ,vas 


in which the substitution of Count Rumford's data, 
p == 10,000 lbs., a == 0.3 inch, l' == 1. 75 inches, 
gives for the approximate moment of friction of the borer, in foot-pounds, 
800 f. 
So that, making thirty-two revolutions per minute, a quantity of work, 160,800 f, would 
he expended during the same interval. 
On the other hand, the heat excited in two hours and thirty minutes, and which, dy- 
namically, was to be l'egarded the equivalent of the work expended, according to Count 
Rumford's estimate, was sufficient to raise the temperature of 26.58 pounds of water 180 0 
Fahr., or 4,784 heat-units. The production of one heat-unit, therefore, corresponded to 
the Expenditure approximately of an amount of work- 
5041 f, 
For f == 0.15, this would give 756 
" f == 0.20," " " 1008 
as the equivalents in mechanical units or foot-pounds of one British thermal unit. 
Prof. Tait, availing himself of the remark let fall by Rumford, that" the machinery 
used in this experiment could easily be carried round by the force of one horse," and as- 
suming 30,000 fóot-pounds as the value of a llOrse-power per minute, thus derives 
940 foot-pounds as the mechanical value of a rise of temperature of 1 0 Fahr. in one 
pound of water. (See" Historical Sketch," p. 9.) But Prof. Thurston regards this cal- 
culation as unfair to Rumford, quoting Rankine's estimate of the admissible value of a 
horse-power, 25,920, from which the value of the equivalent, 812, results. This critique 
also seems the more allowable, since Rumford neither made corrections for the work ex- 
pended in friction in "the complicated machinery used" in the determination, nor for 
"the heat accumulated in the wooden box, nor for that dispersed during tbe experiment." 
-(See Jow.nal of the Franklin Institute, 3, lxvii., p. 203.) 
1 "Kleine Schriften," 1
05, vol. iv., p. 41. "Complete 'Yorks," Am. Ac. ed., voL 
ii., p. 209. 
2 Translated from the German, by J. Fitz
er.llù, 
\.. M. 
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seated a corpulent lady ,,
ith full face, shrill voice, and labored res. 
piration. The lady on the right was of lean, slender, dried-up figure; 
on entering the oilinibus sbe had coughed; after taking her seat she 
held bel' handkerchief to bel' mouth and fairly cJlanged color when the 
one opposite, ,vheezing, took her place and called out for" Air, air! " 
exclainling that she would surely he smothered if the window were 
to remain closed. " But I," ohjected the other, "should get my death 
of cold if the window 'were opened." TIJe conductor, ,,,ho for some 
time stood undecided what to do, received this l)iece of Solonlonic 
ad vice fronl one of the passengers: "Open the 'window," said }1C, in 
a deep voice, "and tIlen one of them will die; then close it, and the 
otber will die, and so at last ,ve shall have peace." 
This ending of tbe scene I state for completeness' sake only, and I 
add to it, by ,yay of transition to the subject of tbe present essay, a 
conversation with a farmer 'whicb gre,v out of the occurrence. 
On expressing to this sun-bronzed young man nlY regrC't that, in 
this self-styled" age of intel]igence," the fear of colds and of draughts 
should be steadily increasing, and that it should really be producing 
the very effects it is meant to guard us against, namely, coughs and 
colds, he fully agreed ,vith me, but took credit to himself for having 
risen above such notions. "'V e farmers," said he, "no longer belie-ve 
that rust in grain comes from cold; for we know that it results from the 
developJnent of noxious g
rms which, emitted by 1)31'1erry-bushes and 
decaying stalks, are carried about by the wind." 
This idea was of interest to me; for the farmer's account of the 
origin of" rllst" put me in mind of certain throat and lung complaints 
that, deyeloping unnoticed, gradually lead to positive disease, and the 
causes of ,vhich we physicians are daily more and more clearly tracing 
to inhalation of impure, vitiated air; bence, instead of speaking of con- 
sumptive lungs or tuberculous lungs, we should, rather, speak of" de- 
cayed" lungs or " dust" lungs. Stone-cutters are not assured by life- 
insurance conlpanies, because it is known that 
he stone-dust settles ill 
their lungs, undermining them, producing ulcerations and reducing the 
average life of the men to thirty-six years. Otller" dusty occul)atiolJs," 
so to speak, are less dangerous, but of certain callings and of certain 
classes of \\Torking-men ,ve often hear it said that they are sclL10m free 
from" dry" cougll. The reader, though he or she may ]Jaye little to 
do with dust, will perhaps have taken JlOllle from the 1mB a very fair 
case of" dust-lung" caused by the dust of tIle dancing-floor. If t]wy 
,\Till not believe this, let them exanline their expectoration the day 
after the ball. lIe who has good lungs lnay wit]lont fear inhale dust; 
he ,vill dance most of it out again; but not so a delicat C' girl, w JIO
e 
lungs are compressed in a tight corset: 'when ,yith anst-laden nUlcns 
she spits blood, do not say she has" taken cold." No, it is heating 
that has caused it. 
lIeating, too, and not cold, far less 'c trouble with teeth," is to 
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blamc wl
en the first-born child of incx})crienccd young married peo- 
ple becomes feverish, or has a cough, and these symptoms are only 
aggravated when the innocent victim is treated ,,
ith "teas" and 
mixture
, kept in an overheated room, and loaded do,vn with bed- 
clothes. 
That our children were intended by Nature to liyc in fres}), open 
air, and that the old wives' regimen of kee})ing 'warm, living in-doors, 
and of ,,
arn1 drinks, is the cause of the fearful mortality of young 
children, is a truth that was not unknown one hundred years ago, but 
which nlust still be repeated over and over again. 
The reader will allow me to recite the case of a patient of mine. 
.A. year ago, during his honey-moon, I congn)tulated hinI, and told 
him that a dry cough with \vhich he was troubled was cut'able, 1)1'0- 
vided he took care to live in the open air as much as possible, in- 
uring himself to cold, slee})ing in well-ventilated chambers, free from 
dust, etc. But this advice was hardly relished by the young })air. 
In October they hired rooms in a house tbat had just becn built; its 
"dampness" they remedied by keeping up fires steadily; thc 'v in- 
dows were hardly ever opened, as the house stood on a windy corner, 
and the husband "Tas growing more and more sensitive to cold; for 
this reason, too, he seldom ,vent out-of-doors. In N overnber he took 
to the bcd, ,vas again about, but he gradually declined, to the last 
hoping to recover. 
Diff('rent was the course followed by 1\11'. 11-, who, emaciated 
an,l troubled with a cough, had a hæmorrhage after contracting a "se- 
vere cold." lIe went into the country, took as much exercise as he 
could in the open air, and returned home with only a slight cough. 
At home he every morning took a ,,'arm bath with affusions of cold 
water, avoided rooms with bad air, etc. In six months he was free 
from his cough, appeared to be ",.ell nourished, and 110 longer had 
any fear of taking cold. 
If the reaùer will dispassionately cornpare these two cases, he will 
agree with me that the first patient, ,vho had never had hæmorrhage, 
fell a victim to the action of foul air, ,vhile 11- used to say, "I 
lllUSt give to my diseased lungs, above all things, fresh air, as the prin1e 
necessary of life." Animals never take cold, even in ,,
inter; there- 
fore an10ng men it must be a result of wrong habits if air does any 
harm. ,yo e kno,v that gold-fishes quickly perish 'when fresh ,vater is 
not provided for them; and ,vhen we ,vere boys we used to consider 
it cruelty to animals if we made no openings for ventilation in the 
boxes in which ,,"e kept cockchafers. 
Now, these openings answer to the window's in our houses; doors 
are meant to be closed, windows to be opened. It has long been held 
that closed "rindows are the principal cause of consumption. I would 
make tbe proposition more general, l)y substituting" defective .venti- 
lation" for '
closed windo,vs." It is very pleasant to be sheltered by 
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four walls against wind, rain, and cold; but, no",'" that we employ win- 
dow-glass, coal for heating, and iron stoves, and rent is becoming 
higher, ,-,'"hile rooms, especially sleeping-rooms, are growing sn1aller, 
,ve have all the greater reason to keel) ol)en ventilating apertures, 
since our lungs cannot live ,vith less than six hundred cubic feet of 
fresh, pure air per hour. The man who bas but once made trial for 
one week of sleeping with the window open wiU never give up the 
l)ractice. 
I once spoke to a lady about this matter, but s1le replied l)y telling 
me the story of a "thoughtless person" who, llaving left the window 
open through the night, a"'"oke in the nlorning blind. She had also 
read in some newsl)aper that a man had a stroke of apoplexy produced 
by the same cause. I was amazed. But, caning to nlinù that this 
lady's husband had served in tbe army, I remarked: " Your husband 
l
y for so long in the open air in the rain-drenched trenches at Stras- 
burg; did he eyer write to you that he had taken cold, or that any 
of the men had ever overnigbt been struck blind, or had Inet with any 
other misfortune? Did he ever contract a catarrh? Did be ever 
write for licorice, and not rather for tobacco ? Your brother-in-Ia",'" 
tram})ed in the deep snow to Besoul, your cousin learned at Le 
lans 
,vbat is the meaning of a faU of freezing rain, and tJlousands of our 
countrYlTIen bave had Jike ex})eriences; still, coughs and rheulllatiEm 
'were not frequent, and most of the men came back strong and healthy!" 
l\Iore rational opinions are gradually making their way, and, 
in one particular at least, a beginning i
 being made of a revolu- 
tion, namely, the system of treatment follow:ed in " climatic" sanita- 
riums, and establishments for the cure of disease by air, difference of 
elevation, etc. The })roprietors of such })laces, it iR true, speak of the 
" specific" virtues of their climate; but, ina8much as chemistry shows 
that atmol'ph(lric air all over the earth has the same constitution, 
the specific virtue must reside in tbe Epecial purity of the aiI"-a thing 
wanting in cities, but found in all viHages, provided they do not pos- 
sess large factories. Further, it is an error to suppose tlu'tt in the 
south-Florida, Colorado, or in the Tyrol, or by tIle lake of Genevn- 
it is as 'warm as in a hot-house. In those r('gions, too, it is now and 
tllen cold; yet it is easier to he out-of-doors tbere, for usually tbe sun 
shines and the landscape is beautiful. But, since we cannot s(>nd all 
the sick to the south, we must devise some substitute at home, the 
l)enefits of .which may be enjoyed even by the poorest. Then, too, 
when we consider that the majority of those who have spent the ,vin- 
tel'" in a southern clime return as-embalmed corpses, because it i
 only 
,vhen it is too late that people make up their minds to nutke the costly 
voyage, there is reason to expect better results from timely recourse 
at home to "air-cure." 'Vith the means of treatment at hand, dis- 
ease nligbt })e nipl)cd in the bud, and lung-complaints in general 
,yould be rarer. 
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..And this result "Te nlay hope to attain. That pulmonary con- 
sumption is only an acquired disease ,ve kno\v from the fact that it 
first appears in t.he apices of tbe lungs-a portion of the organ ,vhich 
is not affected by hereditary pathological processes. The diathesis 
only is hereditary, and this diathesis consists simply of a general de- 
bility, which, however, can be overcome. But the thing that is tl'ans- 
Initted hereùitarily is habits of life-the avocation descending fronl 
father to sou. 
l\IacCornlac tens of a family in which father, mother, and six 
children, died of consumption; the seventh son alone survived, he 
ha ving quit the paternal house and calling, and gone to sea. Many 
instances of a like kind might be cited. This case is easily under- 
stood when we consider tbat here the parents and tbe six children 
who died had followed a sedentary trade; tbat they lived in narrow 
quarters, the air of ,vhich ,vas quickly vitiated by the large nunlber 
of persons breathing it; that they slept in a dusty room, with win- 
dows closed, lest they should take cold. They fell sick one after 
another; but the seventh son, who quit the unhealthy locality, had 

xercise, inhaled fresh, l)ure air, became vigorous and healthy, and 
escaped from consunlption. 
This simple explanation appears strange to those who believe in 
"tuberculosis." If this disease has gro'wl1 to be the curse of nlodern 
society, the scholastic interpretation of it has to bear no snlall part 
of the blame. The doctrine of the heredity of consumption leads to 
the helief that the consuml)tive patient is fated to die of his conl- 
plaint, and tIJat his death is merely a question of time. lIe hinlself 
often ch'a"Ts the conclusion that the best thing for him to do is to en- 
joy life as best he may while it lasts. On the other hanel, ,ve must 
condemn the heedlessness of those who, so long as danger is not l)rox- 
imate, fear the expenditure of time and money. These Fame people, 
when hæmorrhage suddenly appears, quite lose their heads, adopt the. 
most preposterous methods, \vhose only result is to cause ne"r hæmor- 
rhages, and to produce a regular case of consumption: whereas nlany 
of the old physicians recommend horseback exercise as the best cure 
for those suffering from hæmorrhage of the ]ungs, we now often see 
patients shut up in a hot, dusty room, not allowed to talk, and ahnost 
forbidden to breathe. 
It is a peculiarity of consumption that it may appear in association 
with all diseases in ,vhich recovery is slo,v. In the first place, it ac- 
companies inflammation of the lungs, unless the patient, while recov- 
ering, is permitted to breathe plenty of pure air. But it also Inakes 
its appearance in typhus, diabetes, and. meningitis, when tIle pa- 
tient is kept for a long time in a close room. So, too, delic:lte persons 
-those supposed to tend toward consumption-will all the Fooner 
become indeed" tuberculosed," the more they are coddled, protected 
against cold, and treated "Tith warm drinks and so-called "invigo- 
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rants." Pulmonary hæmorrbage is in itsc1f not a symptom of" tuber- 
culosis," but it is nutcle so by ,vrong treatment. 
The foregoing praetic:JI considerations will enable the reaùer Let- 
ter to appreciate the theoretical ol)
ervatiolls whicb follo"r. 
The lungs, like all mucous surfaces, secrete nlUCUS even in their 
llealthy state; this collects ,vbile we remain quiet, but is thrown out 
when we move. Every adult person clears his throat in the nlol'ulng. 
One who has been sitting for a long time must cough when IlC gOl'S 
out-of-doors. Bodily movement is the best "solvent" for a cough. 
'Vhen one's life is sedentary, mucus collects first of all in the apices 
of the lungs, and it is nlore difficultly broken up there by Lot1ily 
movement, because the apices are the uppermost parts of the IUllg, 
anà the impetus of the cough must drive tlJe expectorated mucus 
around the corners of tbe lung. The a!)Íccs are a veritable receptacle 
for nu
cus, which, if not renloved, dries np, grows ]J3n1, and canSt'S 
nlceration. In one hundred autopsies ,ve fiud as many as ninety cases 
'where the apices are Illore or less shrunken, scalTcd: and oLstructed, 
and this without reference to the cause of death. 
The a]!ices, furthermore, are regular dust and gas traps, e
peci
l1y 
the right apex, which usually is the first to be affected ùy cOnStUl1l'- 
tion, because the air-passage leading to it is wider and less crool
ec1 
than that leading to the left apex. All inlpurities inhaled into the 
lungs, and especially all dust, first Dlake t]Jeir ,,
a.y to tIle apict,s, 
nJ 
there settle, unless they are kept in motion by bodily exercise. Elinl- 
ination, too, is more difficult in the apices than in the inferior 101)(\s. 
In coughing, the latter are aided by the abdonlinal pressure; while the 
apices, on the contrary, haye to ùepend on their own contractility, 
which is weaker in proportion as they have been out of exercise, or as 
their cell-walls }1ave grown together. IIeavy clothing, ,,
hieh, like the 
yoke for carrying ,vater, bears on the collar-bone, dimiBi
hes t]1O 
power of respiration in the apices; a nlodern winter-oyercoat weighs 
as much as cight or nine pounds. If, in addition to this, 1\r{' ha \y{' the 
usual two turns of a comforter around the neck, then the neek is 
l)ound faRt, anc1 ,ve ha\?e all the conditions neces
ary for producing a 
diseased conc1ition of the apices. Under snch circnmstances it ,,"'oulLl 
require consic1erabl
 exertion in coughiHg to clear the al)ices. lIenee 
the troublesome dry cough, "Thich -often ends in vOl1liting, yet does 
110t loosen the mUC1U\ in the lungs. No l,cnefit is to be got in such 
ca
es froln 1ozenges, drops, extracts; tho 1110st that can be expected 
froln such re111edies is that they nl
Y nloisten the throat rC'ndered (lry 
by tIlo effort of coughing. But then they fill the 
t()nl
ch wjt It 
phlegm. For snlall children 
uch snbstances are an act1t
1 poison, 
proclndng sonr stolnach, diarrhæa, and fever. 
Continued hard coughing in tinle injures the textnn' of 111e Inng8
 
anel krra
, often with bloody expectoration, to dcc
y of the apices, 
and, fillal1y, to true pulmonary cOIl
umption, concerning the' r
tional 
treatml'nt of \vhich '\-ve add a few ,,?orc1s : 
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As a general rule, ,vhere a cough is hahitual, whatever the age of 
the patient, recourse should at once be had to those means of cure 
which usually are resorted to only at the last moment, and then with- 
out any hope of good results. But, unfortunately, most people think 
only of the present moment. They want a son to complete his school- 
ing as early as l)ossible, and to go to earning money. But what is 
the gain if the young life, after a few years, ends its earthly career? 
Better, therefore, that a year or two shoul(l pass without remunera.. 
tive eInployment, ,vhile in the mean time care is taken of the bodily 
health and strength, the affected lungs are invigorated, and the spir- 
its are renewed. In the first case we have dead capital, in the se
ond 
capital w.hich bears interest. 
The person ,vhose lungs are affected must once for all give up 
dancing, for .lancing as no\v practised is not" motion," but only de- 
struction of the puhllonary apices by dust and val)or, fatigue of tbe 
body through want of sleep and privation of fre
h air. 
'Vith this one exception, " caution" as uRually understood is bad. 
Let the one who is threatened with consumption look on hin1self not 
as one doomed to die, but only as a pulmonary invalid. He should 
consider that, while it is a misfortune that the pulmonary apices ttre 
fronl their position exposed to disease, we nevertheless haye l)lenty 
of lung-cells which can be made to do duty in place of theIne Still, 
if these are not daily stl'engthened by careful treatment, they are in 
danger of being infected by the others, and of becoming diseased like 
theln. By timely an(l continuous exercise, it is possible to restOl"fJ 
even the diseasecl cells, and to cure the consumption, or at leaRt to 
stay its further progress. If one can find the means of visiting Flor- 
ida, Colorado, or Southern Europe, it is well to do so. But if this is 
not possible, one must find the means of an air and nloveluent cure at 
hOine. That this is possible, the reader will see from the follo'wing 
analysis of the means of cure: 
1. LU
G-VESTILATIO:N.-The patient Inust with scrupulous conscien- 
tiousness insist on breathing fresh, pure air, and rnnst renlcnlher that 
the air of closed rooms is always nlore or less bad, iUlpure. :x 0 man, 
however uncleanly, .would drink nluddy, dirty.water. Unfortunately, 
for detecting impurities of air, the only organ we have is the nose, 
and in most persons the nose is of so obtuse a sensibility that it is of 
no service. Besides dust, injury to the lungs is caused principally by 
the products of respiration (carbonic acid and watery vápor), which 
act as poison on the lungs and the blood. A party which occupies a 
room for hours, breathing the same air, migl1t be comI"trec1 to a party 
of bathers drinking the water in ,vhich they bathe. The 111an ,yho on.. 
the street cuts off from his lungs tIle "cold" air, is like a rUIU il1 ant. 
If this literallr true cOlnparison were universally accepted and acted 
on, the number of cough-conlplaints would be reduced one-half. 
The patient nlust keep the window of his be<.1roolll open. Night- 
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air is fresh air without daylight; he who fears night-air is 1ike a child 
who dreads darkness; the light in the room after the b,n1 p is extin- 
guished is also night-air. In close, crowded, heatecl rooms, the patient 
suffering from lung-complaint respires consumptively. In ".inter 
lrti- 
ticial heat may be elnployed, but tile \vindo\v Inust be opened aboye, 
and thus ,ve have at once both warmth aud ventilation. In the city 
night-air is always ,vholesonler than day-air, being both purer and 
stiller. 
If it be objected that" what suits the blacksmith does not snit the 
tailor," I reply that may be true of a plate of sauerkraut. But here 
tho case is just the reverse. The blacksmith who has no trouble with 
his lungs can stand vapor-dust, heat, fatigue; but the one who has pul- 
monary disease risks his life if he has not always abundance of fres}), 
pure all'. 
So far of the What ?-lung ventilation. Next, of the 'Yhy ? 
On rising, let the 'patient drink fresh n1Îlk (not coftèe), w bich ,vill 
be relished all the more if one wakes with an inclination to cough. 
Then let him approach the open window, brandish the arms over the 
head-which enables the lung apices to inhale air nlore easily-and 
for a few lllinutes fetch as deep inspirations of air as possible. lIe 
nll1st frequently take such deep ins})irations in the open air. 
If the lungs do not. become free, let hin) introducc into them-not 
into the stomach-something t() act on the dry n1UCOUS nlembrane- 
as the vapor of water or of call1olnile-tea. 
If the cough is caused rather by a "scratchy" feeling in the 
throat, if it is spasnlodic, let him swallow or gargle some substance 
that will quiet the ne1"Ves. Cold water is best-in sun1n1er ice-water; 
in some cases cooled fennel-tea is of service, but not sirup or any hot 
drink. 
2. SKI
-V ENTILATION.-This is of no less iml)ortance for warding 
off simple coughs, as well as for preventing the transition to consunlp- 
tion. "Vith its lnillions of por
s, the skin is on the one side the main 
sewer for carrying a,vay superfluous fluids, and on the other it is the 
principal factor in cooling the body, in colas, ill overheating, and in 
fevers. ",.. e will now consider skin-ventilation frcnn this point of 
view under the two heads of-a. EIÎ1nination of fluids; u. llcductioll 
of temperature: 
a. ELnIINATIO
 OF FLUIDs.-Like the external skin, the inner skin, 
the Inucous Inembrane, exudes moisture, s"
eats. The mucous n1el11- 
branes, having no covering, are always n10ist. The mucous nleluLranc 
of the lungs exhales watery Yapor. 'rhis vapor comes fronl the 8e1'\1111 
of the blood, i. e., from that portion of the blood in ,,
hich the corpus- 
cles are suspended, and which, after the corpuscles hayc l)een filtcreLl 
out, rcsclnbles water. The external slin under ordinary circnnlstances 
gives off about twice as nIllch watery vapor. But, in proportion 3S 
this clÎlllination is checked by dcfective skin-ventilation, the ,vater 
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of the blood (serum) has to be eliminateJ internally through the mu- 
cous Inelnbranes. Cooling, i. c., the sudden action of conlparatively 
low teInperature on the warm surface of the skin-for iustance, when 
one sits in a draught of air-nlay check transpiration, and so cause 
the fluids to tend inward in such volume as to overtax tbe capacity 
of the mucous Inembrane of tbe lungs or the intestines, more rarely 
of the kidne)?s, tbe result being catarrh. But catarrh and coughing 
are t"..o different things: as for" dry cougb," it can never arise fro)l) 
cold. That it results from the inhalation of Ï1npure, vitiated air, the 
reader knows already. It is true tbat obstruction of the ùreathing- 
apparatus, as "rattling" in infants, and ha"rking and hoarseneg
 in 
grown persons, results from retention of seruUl ; but tbat this obstruc- 
tion is not connected ,vith taking cold must be a(hnitted, at least in 
all cases where the patient has not quit his chamber, or CYt'n his bed. 

\s a n1atter of fact, no one takes a cough from a cold wall or fron1 
an open door. The conclusion to be drawn from all this is, that the 
coughs, hoarscness, and. sore-throats, from \vhich those pèr
ons suffer 
in winter who are ever on their guard against colJs, are produced, 
not at all from cold, but from its contrary, overheating of the 8kin, 
whose evaporation is feebler the nearer the external telnperature ap- 
proaches that of the body. In this case there is a snppreðsion of the 
action of the skin, but it is produced not by.cold but by improper 
warming-or, as it is more properly caned, by pan1pering. A hot 
Lath, a cold pack, or a good, lively 1',
alk, will work wonders in " loos- 
ening" a hard cough. At first, it is true, the patient will cough harùer 
than ever; but this effect is not dne to the" cold ,vinc1," but to the 
fact that the accumulated mucus, once started, is expel1ed en ma8

e. 
The oftener the patient resorts to tbe bath, to the pack, and to ,valk- 
ing, the less frequent are the fits of coughing, and the freer and easier 
aoes he breathe. 
b. RED1JCTIOY OF TE::\IPERATURE.- The body's tenlperatnre is 1:01'- · 
111al ,vhen in the armpit it is about 95 0 Fahr. Food and drink are' 
stinllllants, and tbe skin is the radiating surface which gives off tho 
surplus heat. If this elimination is not sufficiently active, the l)ody 
beconles overheated, and this nlanifests itself by shiycring. O\.e1'- 
heating is the result when one eats and drinks much, at the san1e tilne 
parting with but little heat. The chill so produced is usuaHy called' 
" Ï1nvard cold.," Lut this is an error: it is overheating. That this is so 
is shown from the fact that when on tIle morning after a " social even- 
ing," during ,,"hich \ve were overheated, 1','0 feel chilly, 1',"e have only to 
tako a "
alk until perspiration is set up; ,,
e then feel warm again in 
spite of a considerable cooling oft: And this, lJy-the-way, is the very 
best cure for the" I{atzenjan11uer." "or e Jivc in a clin1ate where i
 is 
far easier to heat the body tlJan to cool it. lIenee one of 111Y connsels 
against catclJing cold is, that the ,,'cakly, coughing re
H.ler of seden- 
tary habits shonl(l not overheat himself with strengthening food, so 
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calle<.1 (meat, eggs, beer), else he might take an "in'vanl cold," or ev
n 
a fever. 
Eut a person nlay contract a genuine (external) cold by unwise 
precaution against draughts - by neglecting the skin-vcntilation. 
Under this bead of unwise !)recaution we must class the hahit of 
wrapping up the body 'when it is in a state of perspiration. On the 
contrary; coat and waistcoat must then be opened so that the shirt 
may dry quickly, and the underclothing, including the stockings, must 
be changed. But what does he do ,vho on reaching the top of a 
mountain, with a wet shirt, buttons up his coat about him, puts on 
his overcoat, and over all his plaid? I-Ie applies a ,vet poultice at the 
"Trong time. 
Prof: Tyndall, in his" Glaciers of the Alps," tells us tlwt, on beillg 
overheated during his rambles in the Alps, be at onf'e took a batl1- 

r po
uea ,vater over his body. " l)robatu1ì
 est," say I, from personal 
experIence. 
" Yes," some one win say, " you are inured to that sort of thing." 
To be sure I am! But ,vhat hinders you froIn being inured also? 
J U8t go out on the ice during this glorious "Tinter ,veather, put on a 
pair of skates: JOu ,vill return bright and fresh; you will throw' op(\n 
the windo,vs, and be indignant at Jourself for ever having shut your- 
self up in fmch a steaming atmosphere. The next day take a simple 
bath-not a Russian or a Turkish bath at all-and you ,viB rid your- 
self of still another part of your phlegm. 
3. l\IuscLE-V ENTILATION.-)Iuscular fibre respires too, i. e., gives 
off carbonic acid and takes up oxygen. To this end it nlust dili- 
gcntly contract and then relax; in short, it nlust ,vork, or, if the reader 
prefers the expression, it must practise gynlllastics. """hether on
 
takes his exercise at bonle or abroad, 11lakes no difference. They 
whose lungs are affected wouItl do ,veIl to clÍ1nb hill-sides, for in such 
exercise the apices of the lungs are nlost called into IJ}ay; in clÏ1llb- 
ing the hands Inay rest on the hips. l\Iuscle-exercise is not to be sepa- 
rated from lung-exercise. If bodily movelnent be neglected, deleteri- 
ous fluids accunlulate, ,vhich I can" suffocation-blood" and" fa1 igne- 
blood." The former contains carbonic acid, which lllakes one always 
drowsy, and causes one to go about his day's ,york ,vith a feeling of 
la
situcle no matter ho,v long be has slept. This feeling of wearincss 
grows f\teadily ,vorse. "Fatigue-blood" accunnllates ill the mURcles 
as a result of drinking ,vine and beer; even sÏrnply bending the hotly 
causes inconvenience; one feels quite unstrung and 'wants to 
'ecline 
on a louncrc or a bed whereas \vhat he oll[!ht to do is to take a brisk 
b' '--' 
run in the O I )en air or a little exereise in a gvmnasium. In this way 
, 
 01 
the skin is ventilated ana tIle sernnl wOl:ked off. 

Iy es
ay cannot exhaust :111 the topics n:uned in its title: tlJe }}10st 
it ran do is to ::nvaken attention, free the reader fronl ('<-'rtain en'one- 
ous ideas, and lead him to believe that the silllplest rel11edy is always 
YOLo XII.-15 
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the ll10st natural and the best. If anyone will put his faith in recipes, 
I ,vould remind him of the history of the sale of indulgences. 'Ve 
look back with indignation to Tetzel's scandalous ,york, but Low many 
people still think they can purchase health by gorging themselves 
with medicines! Cònsumptives form no small portion of this class. 
The treatment here recomn1ended costR no ll10ney, but d('manù
 only 
,viII, self-conquest, and perseyerance. The treatment is not so conl- 
plicated as it may appear; it is simply a movement and an air cure, 
or, luore briefly, an " attell1pering" cure, for effelninacy is the source 
of al1 colds, coughs, and consllluption, and hardening is the only pro- 
tection and renledy against them.-.Dcr [Je1ïwinuützige Gesundlteits- 
Abnanaclt. 
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TIlE TIDES. 


By PROFESSOR ELIAS SCHXEIDER. 


II. 
A P ...\RT of the theory of the tides presented in our text-books 
ha:s been pronounced absurd in my first articlc. It is also a 
ll1atter of amazement that the effect of cel
trifugal force is entirely 
ignored in these text-1>00ks. That the propelling force arising from 
this cause should be utterly disregarded in an explanation of the tides 
is very remarkable. And yet the existence of such a force is so easily 
demonstrated that nothing else seeins necessary to prove it to be one 
of the causes of the tiJes, than what was presented in my first article. 
I will, however, give additional force to my r('asoning by citing the 
results of actual experill1ent. 
It Inay be sho"rn that thcre is an actual difference in the amount . 
of centrifugal force felt at any part of the earth's 
urface (luring 
diffpr
nt tÏ1nes of the twenty-four hours of one axial rotation; and 
al
o at different tiInes of the earth's revolution around her.centre of 
Illotion. Theory illlplies that whell any portion of the eartll's fo'ur- 
face i
 n10ving toward that point in her orbit where such surface 
lllakes the most rapid s'weep around the centre of motion, the greatest 
an10unt of centrifugal force must be felt at such surface; and that, 
when this part lnoves to'ward that point of the earth's orbit "There it 
makes the slowest sweep around the centre of motion, the least amount 
of centrifugal force must be felt. N ow, it is very evident that any 
portion of the earth's surface ,vhich is IllOst remote from the centre of 
her motioH, whether that centre be the sun or the cent re of gravity 
between herself and the moon, makes the 11l0st rapid sweep, and that 
consequently her waters nIBst feel the greatest amount of centrifugal 
force at that tim
, 
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N OW, let us see what experiment tens U
 on this subject: 1\ 
box has been made of proper dimensions, free within from al1 outside 
disturbance or motion of air. In this box is placed a steel fran)(
, 
which llloves like a gate on a very delicate Linge, so as to avoid aB 
possible friction. A ,veight of nearly twenty pounds rests on this 
gate at about four feet from the hinge. The hinge, wbose lower part 
is a mere point, or delicate pivot, and the weight, are in the san1e line, 
parallel with the meridian. The weight is free, as nearly as can be, 
to obey the power of its own inertia. In consequence of this it ruovps 
laterally once every t,venty-four hours west and east, whene'ver the 
centrifugal force is increasing and decreasing. 
Froln noon to midnight the earth's surface is moving toward that 
point where its motion is more rapid, and cOTIseq uently it begins to 
feel an increasing amount of centrifugal force. This is indicated by 
the apparatus, for the ,veight, which rests on the gate, by virtue of its 
inertia, lags behind and makes an apparent motion westward. This 
motion is, of course, not real. The earth's surface moves east,vard 
faster than the ,veight, ana hence the weight appears to move 1',"est- 
ward. .From n1idllight to noon the centrifugal force felt by the earth's 
surface diminishes, for it is then moving to,vard that point 1','here its 
nlotion eastward is less rapid. This is also indicated by the appara- 
tus, for the 'weight, having gradually acquired the same velocity east- 
ward, remains stationary at midnight a very short time. But, soon 
after midnight, ,,,,hen tbe earth's surface begins to feel less centrifugal 
force, this 'weight, by virtue of its inertia, resists the change of mo- 
tion, and therefore moves east,vard as far as it llloved ,vest,vard be- 
fore midnight. 
This lHovement of the ,veight is greatest ,vhen ne'V-]TIoon occurs 
at midnight, for the earth then feels not only the centrifugal force 
produced by her revolution around the sun, but, in addition, that pro- 
duced also by her revolution around the centre of gravity between 
her
elf and the moon. 
The motion of the ,voight "rest-ward begins soon after n1id-day, 
and reaches its highest acceleration at about 8 P. M. ; the motion enst- 
,,"a1'(l begins 800n after n1idnight, and reaches its highest acceleratic;n 
at about 7 A. M. 
I hope Roon to make a ne",. apparatus, ,,,hich shall have a long('r 
distance between the hinge and weight, and from it ll10re u1arl...ed re- 
sult.R ran be derived. 
When a body moves in a curve around a centre, it feels the effect 
of two forces: the one, ,vhich I call centrifugal, is the impulse w11ich 
puts the 110dy ìn motion; the other, w]Üch I call eentripetal, i
 the 
po"rer which draws to,vard the centre and keeps the body frOBI 1110Y- 
ing in a direr.t line. These aro the only forces acting upon a body 
moving in a curve. The fonner is sonletiInes called tangential, hut I 
prefer to call it centrifugal, for it is the only force which driyes fron1 
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the centre. There is no forc
 acting directly fro1n the centre. That 
which is often called centrifugal is really centripetal force, for the 
tension of the string in the following experilnent is Hot causeù by any 
force acting on the body fl'orn the centre, but it is caused by a force 
drawing the boùy out of its rectilineal course, and toward tlJe centre, 
compelling it to n10ve in a curve. 

nppose the body E (Fig. 1) moves "Tith a certain velocity in the 
curve E C .D, and that the string 
E /3 feels a known tension, just 
equal to its strength. X ow, 
double the velocity, and .the 
strength of the string must be 
increas
ù fourfold to keep it 
from breaking, for the force 
drawing the body to'ward tbe 
centre must then be four tÏInes 
as great to keep it 1110ving in 
the curve. Or, suppose the body 
moyes from A toward B with 
a known velocity, and that on 
reaching E/ it is acteù upon by 
the string. The body is then 
nutde to take a curviliI
ear mo- 
tion, und the string feels a tension dr::nving tbe body not directly 
from hut toward the centre, and equal to a force necessary to keep 
the hody from moving in a straight line. It may be remarked that, as 
action and reaction are equal, the tension is felt both ways. But the 
reader can easily see what I mean. 
This law of motion can be still better illustrated by a reference to 
one of the satellites of the planet K eptune. The mean distance of 
this satellite is nearly equal to the distance of Ollr moon from the 
earth. 'Ve n1ay assume these distances to be exactly equal. Then, 
as at the same distance the centripetal force must increase as t}]e 
square of the velocity, to keep the body moving in the curve, and as 
the velocity of this moon of X eptune is about four and a half tiu1es 
greater than that of our moon, the centripetal force, or the force of 
gravity produced by Neptune on this moon, must be (4.5)2 about 
twenty tiInes as great as is the centripetal force or t}]e gravitating 
pO\'Ter our parth produces on its moon. In other ,yords, the planet 
Neptune is about t"Tenty tin1es as heavy as our earth, for ,,-eight is 
nothing else than the measure of grayity. 
The prec,eding staten1ents are sufficient to show "Tbat is llleaut by 
centrifugal and centripetal forces. Let us now see bO"T these act on 
bodies movin('/' in large and sl11a11 curves , and how the ,vaters on the 

 <- 
earth's surface are driven by centrifugal force to".ard a line talJgent 
to her orhit. Since the length of the orbital curve of the earth is 
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very great, antl therefore not nU1ch deflected from a straight Ene, the 
,vaters arc driven very little aLove the usual surface, no matter how 
rapidly the earth herself nlay Inove in this Cl1l'\TC. The centrifugal 
force or original impulse felt by the whole earth is very great, but 
that felt by her waters is hardly visible or sen
iblc in mid-ocean. For 
the title-waves cannot get above the line tangent to the curve of the 
earth's orbit. The following illustration .will show thi
: 
Let ABC (Fig. 2) represent a part of the curve of the earth's 
orbit, in its nlotion around the central sun, and B IJ a line tangent 
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to the cnrve at the point B. Now it is very evident that no tide- 
wave produced by centrifugal force can get higher above the curve of 
the orbit than this tangent line, and the distance between tl)e cur\-c 
and the tangent, as at E, is very sn1all. The part of the earth's sur- 
face most renlote from the sun has indeed a greater tendency to con- 
tinue moving on in the straight line of the original impulse than any 
other part. The particles of water have a small degree of cohesion, 
and they "rill therefore continue to move a sl)crt distance along this 
tangent, but only a little aboye the usual surface of the earth. 
The curve in which the surface of the earth nloves around the cel1- 
tre of grayity between herselt' ana tl1(' moon is Hluch l110re def1cctl.a 
from a straÌo-ht line 11ere also the tide-wave can rise no higller tlWll 
o . .. 
to the line tangent to this cur\
e. The distance of the point G (Fig. 3) 
froln the curve is, however, much greater than tIw point E in Fig. 2 
from its curve. The nlotion of the surface of the earth at II arountl 
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the point C, the centre of gravity betw"een herself and the 11100n, is 
only about sixty-five miles an hour; while the surface at B (Fig. 2) 
moves ,vith a velocity of 68,000 
miles an hour around the SUllo 
N e,'"ert}1('less, as the ,vaters are 
driven towarLl these l'e
pecti\-e 
tangents hy the effect of centrif- 
ugal force, the tide -,vave mnst 
be greatest ,vhere the distance 
bet,veen tangent and curve is the 
greater. 
Let u
 now proceed to pro,-e 
by nlathematical denlonstration 
the falsity of the theory of the 
tides found in our text-books. 
1lerschel, in his "Outlin
s of 
Astronomy," uses the following 
language: "That the sun, or moon, 
should by its attractions heap np 
the ,yaters of the ocean under it 
seems to thern (objectors) yery nat- 
ural. That it should at the same 
tilne heap theln up on the oppo- 
site side seems, on the contrary, 
palpably absurd. The error of 
this class of objectors . . . . con- 
sists in disregarding the attraction 
of the disturbing body on the nUlSR 
of the earth, and looking on it as 
,vholly effective on the superficial 
water. 'Vere the earth, indeed, · 
absolutely fixed, held in its place 
by an external force, and the water 
left free to lnove, no doubt the ef- 
fect of the disturbing power would 
be to produce a single accumula- 
tion vertically under the disturb- 
ing body. But it is not by its 
,,-hole attration, but by the differ- 
ence of its attractions on the su- 
perficial water at both sides, and 
on the central mass, that the wa- 
ters are raised; just as in the the- 
oryof the 'nloon the difference of 
the sun's attractions on the moon 
and on the earth (regarded as 
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moyable, and as obeying that amount of attraction which is due to its 
situation) gives rise to a relative tendenc
 in the moon to recede from 
the earth in conjunction and opposition, and to approach it in quad- 
ratures. " 
This language gives about the clearest presentation we have of 
the pulIillg-aw'ay doctrine. But there 'is no " tendency in tIle moon 
to recede from the earth in conjunction and opposition, and to ap- 
proach it in quadratures." On the contrary, the tendency of the 
moon's motion is just the reverse-namely, to approach in conjunlJ- 
tion and opposition, and to recede in quadratures. And if so in re- 
gard to the moon and earth, it nIust be still more so in regard to the 
earth and her waters under this influence alone, as can be demon- 
strated. 
I am sustained in nlY position by the best of authority. "Thus our 
moon moves faster, and, 1y a radius drawn to the earth, describes an 
. area greater for the time, and has its orbit less curved, and therefore 
approaches nearer to the earth in tIle syzygies than in the quadra- 
tures. . . . The moon's distance from the earth in tIle syzygies is to 
its distance in the quadratures, in round numbers, as 69 to 70." The 
authority I quote is Newton's eo' Principia." 
Let us make a calculation, and apply it to the earth and her "ra- 
ters. The moon perfonns its revolution in 27 d ';h 43tm, wbich is equal 
to 2,360,ü06-i seconds. The seconds of time in which the moon lnakes 
one revolution around the earth is to one second of tin1e as 1,296,000 
seconds in a 'whole circle is to a fractional part of one second of a 
circle, which we will call x. Hence æ ==!j*%

%;js == .54901141 +, which 
is the fractional part of one second of the circle of tlle heavens the 
moon describes in one second of time. The semi circumference of a cir- 
cle who
e radius is one equals 3.14]592653589 +. lIenee one second of 
tJlis semicircunIference equals 2:14 V'4\ \Y ü 3 5 R 9 == .0000048481368110 +, 
and the fractional part .5490] 141 + of one second of this s(l111icircum- 
ference is equal to .00000266168242648 +. 
Let E ..zJI and E lJI' represent the moon's distance fron1 the earth, 
J1I Jl' the arc ,vhich the moon describes in one second of tin1e, and 
A .J.11' the sine of this arc. Let E M' equal 240,000 miles, tIle nIooll's 
distance, in round numbers, frolH the earth, and E () equal one 
mile. The arc B 0, being very smaU, may be regarded as equal to 
its sine. The length of this arc ,ve have already found. From sÎn1Ï- 
Iarity of triangles we have the following proportion: A .JI' : B 0:: 
E lJl' : E 0, or, by substituting the figures, A _1I' : .00000266168242- 
648 :: 240000 : 1. Therefore A .1J1' == .6388037823552 +, ,,'hich is the 
sine of the arc passed o,.er by the moon in one second of time. The 
cosine E .A.1 is equal to 
V E JJI' 2 _ A jf[ ' 2 == V (240000)2- (.6388037823552)2 + == 
239999.9999991498535 +, ,vhich, subtracted E lJI, gives A.ill == .00000- 
08501464 +, and this fractional part of a mile, reduced to inchcs, gives 
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.053865275 +, the fractional part of an inch as the distance the moon 
falls from a tangent to its orbit in one second of time. 
lultiply this 
by the square of 60, and we get, when reduccd, 16.159 + feet, tbe dis- 
tance the 11100n descenùs in one n1Ïnntc, ,vhich is equal to 15.1 + Paris 
feet, the result obtained by X e,vton in his" Principia." 
'The distance the earth fillh, in one second of time, toward the sun 
is about .12144 + of an inch, and the distance the n100n fall
 to,vard 
the sun in one second, ,vhen in opposition, is about .12084 of an inch. 
This, added to the distance the llloon falls toward the earth in one 
second, makes .17470 +. Now, .17470 - .12144 := .05326. lIenee the 
Inoon, when in opposition, Illoving faster toward the earth tl)an .the 
earth does to'ward the sun, by .05326 fractional part of an inch in a 
second, these t"...o bodies have a tendency to get nearer to each other 
in this position. The same can be provefl ,vhen the moon is in con- 
junction. 
N O\V let us see how this same law affects the ,vaters of the ocean. 
The earth moves towart1 the sun .12144 part of an inch ill a second. 
The \vaters of the earth, on the side turned away froln tbe SUll, are only 
4,000 n1Ïles farther fron1 the sun than the centre of the eartb. Grayity 
toward any body dinlinishes as the square of the distance increase8. 
lIence these waters, influenced by the gra\'itating power of the sun 
nJolle, and not hindered by any intervening object, ,,"'ollld fall tow
ll'd 
the sun .12143 part of an inch in one second. Hence the earth has a 
tendency to n10ye away fronl the waters with a velocity of .00001 
part of an inch in one second-that is, if these ,vaters were not infln- 
enced by the gravitating power of the earth, and only by that of thp 
sun, the earth would be " pulled away" from its waters at the rate of 
only the 100,000th part of an inch in one second. But it must be re- 
meInbered that the waters gravitate, in addition to this, toward the 
earth at the rate of 16.15 + feet in one second, and therefore thesc 
waters are depressed by gravity, and not elevated. The same may bc . 
proved in r(lgard to lunar tides. 
I close by saying that I am an earnest seeker of truth, and nothing 
but a sincere desire for truth has impelled me to write these two 
articles. .Any person atten1pting to prove me in error, with the same 
good motive, ,vill be kindly ,velcolned. 


... 


1tIODERN SUPERSTITIOKS. 


M OST people accept it as a fact that superstition 'went out with 
the advent of steam, the telegraph, and the penny-post. .A, 
little honest observation, ho"rever, win assure us that there still exist 
a number of pitiable though pçtty superstitions. Among certain 
classes there are lucky and unlucky days in their calendar. They 
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","ill not attempt an inlportant task on Friday. The horseshoe still 
hangs bellÏnd or over the door in the IIighlands, and ill 80111e places 
nluch less renloved from the centres of civilization. East-coast fisher- 
men will yet occasionally burn, or otherwise destroy, a boat fronl 
,vhich the lives of any of the cre,v have been lost, no nlatter ho,,
 sea- 
worthy or vaiuable the ùoat lllay be. A hare crossing the path of 
one of thesc hardy sons of the sea will cause hiln to forego an in- 
tended journcy or voyage. To rustic and fisherman alike a concourse 
of magpies is an evil omen. ..l\S for dreams, tho ùc>lief that they are 
the forecasts of events is perhaps the strongest of all the fOrIUS of 
their superstition. "T e might multiply exalnples, but have 
aid enough 
to snggest that the follies of their great-grandfathers haye still no 
slight fascination for the ignorant, in spite of the strides ,vhich intelli- 
gence has made. 
But have superstitious beliefs quite left the more intelligent ranks 
. of society? On the very subject of dre::tlns itself is there not a sneak- 
ing credulity which goes far to prove the contrary? True, anyone 
of us is quite ahle to account in a natural "Tay for his or lIeI' dreams. 
Nevertheless, the lady ,yho chides her children for repeating tbe in- 
terpretation ,vhich the housenlaid has put uIJon their sleeping vagaries, 
antI sagely instructs them on the subject of inlperfect digestion and 
its effects upon the brain during sleep, is not ashallled to ÏInpart to 
her husband any morning the particulars of her own shocking dreams, 
or to piously express the hope that something unto,vara is not about 
to happen. lIeI' better-IwJf pooh-poohs the matter, doubtless, as be- 
comes his superior dignity, but is visited none the less witI] a vague 
sense of uneasiness when he remembers that he himself had a ,'ision 
of losing a tooth or seeing a house on fire. Ilaying courageously 
quizzed his wife at the breakfast-table on the folly of lte]
 augury, and 
hidden her ancl the childrcn good-by for the day, he inwardly deplores 
thc unlucky omen of having to turn back for his forgottcn umbrella 
or pocket-Look! 
Ho,v Inany curious but innocent little customs too are 8ti11 current, 
ancl with the sanction of the ,visest ! An old slipper is still cast after 
a bride: it is considered necessary to christen a new I:5hip "Tith a 
bottle of wine: a fine day is still royal weather: and so on. Thcse 
and many otl1crs most of us "Tould incleed be sorry to see extinct. 
They are not only harn11ess, but, in th('ir very departure fron1 strait- 
lacecl comnlon-sense, givp an agreeable and perlutps eyen healthful 
relief to the prosiness of on1inary ]ife. To sacrifice them to the strict 
l('tter of reason woulcl be to sacrifice luuch of the sentiment of liffl, to 
, 
bani::-h imagery from poetry, to take the perflune from the ros(', to ' 
guide into a Dutch canal the current of human affections, which left 
free ,rill gush and c
ldy, prattle ana murmur by rock and 111cadow, 
carrying music and health throughont its liying conr
e. 
'V ouid that modern superstitions never took ICbs innocent shapes! 
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I-Iaving discan1ed the ghostology of olden times, many people, and 
anlong these sonle men and women of considerable culture, 11a ve set 
up for themselves a novel systen1 of intercourse with the unknown 
world. Brownies and fairies, with all the fine romance that surrounds 
the history of their doings among hunlan folks, are dismissed with 
contempt. Spiritualism has swept all these ethereal puppets off the 
boards of ordinary life. To substitute ,vhat? ".... e nlight at least 
look for an inlprovecl exhibition and l110re interesting" characters; " 
but the truth is, that nothing could be less satisfactory than the mod- 
ern attempt at demon-craft. There is something so ClU1l1SY and in- 
artistic in the ,vhole get-up of the "spiritual" drama, that it is 
e8s 
surpri
ing to find it very gencrally scouted than to see it obtain even 
a partial notoriety. 
Ignorance is the parent of superstition, without a doubt; aua the 
one never exists apart from the other. There is, ho,,-ever, a second 
wise sa,v that tells a great deal of the truth about the origin of that 
,vorIÜ-old bugbear of the hUlnan mind, namely, " The wish is father 
to the thought." 'Vhat we strongly desire to be, we are next door to 
believing to be. The appetite of nlan's vanity is unappeasable, anil 
in catering for it his fancy plays tricks with his reason. lIe longs for 
intercolunnu1Ïon 'with the unknown, and indulges the wish by creating 
fictitiou
 agents for that pnrpose. Tokens, signs, omens, and auguries, 
are also outgrowths of the various forms of desire and vanity. "7 e 
belie\ye we shall have luck if ,ve turn the money in our pocket wben 
looking at new nloon. 1\1('n have waited in all ages for the appear- 
ance of SOlllC favoraùle sign before beginning any enterprise of inl- 
portance. If the sun shines on our wedding-day, how au!'picious! 
Palpably in each case because we desire these things to be! But hav- 
ing set up omens with such an object, v....e, in the cleft-stick of onr o,yn 
superstition, are bound to believe their absenc
, or con"er
e, the fore- 
shadowers of evil. 
In many ,vays 1110dern credulity frees itself from such mechanical' 
trammels as those ,ye have mentioned, to take a form and c0111plexion 
froln the age, losing meanwhile not one jot of its vigor. To dream 
three tilllCS of a hidden treasure and set about, \Yhang-the-
lil1er-like, 
to lay hare the foundations of one's house, is an exploit not to he 
thought of by the veriest wiseacre of our clay; hut the desire to ob- 
tain wealth easily and rapidly being, if finything, more acti\'e and 
r:l1npant, the belief in sonle magicallneans for attaining it is the 11lCSt 
natural thing in the world. An El Dorado is required, and lo! an El 
Dorado is implicitly thought to exist. The projectors of a bogus com- 
pany for" utilizing the clippings of old moons," or " extracting starch 
from granite chips," are the good fairies whonl by propitiating with 
a portion of our substance we hope to enlist in onr behalf, and obtain 
a thon
and-fold return. 'Vhcre such a superstition exists, and it is 
broadcast, any scheme, ho,vever absurd, any s"indle, no matter how 
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transparent, ,vill serve for a bait to catch the unwary and over-eager 
fish. Nothing is so purblind as undue acquisitiveness. The ancient 
Highlander with his keen eye to the Inain chance and happy facility 
fur" attaching" whatever c::tlne in his way, found a beautiful horse 
in rich trappings, browsiug ownerless in his path, and, fo11o,ving the 
in
tinct of his desire rather than the prudence ,vhich tradition should 
bave taught hin1, rashly nlounted. In an instant he was borne aloft, 
then plunged foreyer beneath the dark waters of a tarn on the ba('k 
of the wily and terrible water-kelpie. 'V c, too, have our illu
ory 
steeds in this so vaunted age, and neither the teachings of llistory nor 
tlle bitterest experience seems able to prevent the speculator froIn 
vaulting into the saddle, and fortlnvith launching into perdition. 
Chanlls are things of the past, or believed in merely by the vul- 
gar; that is to say, those pretty and fanciful conceits which led our 
ancestors to attach a healing or sanitary virtue to {'ertain 01)jects and 
. cerenlonies are now almost extinct. A spray from the ro"'an-tree is 
no longei' a safeguard against an epiden1Ïe, nor the hand of majesty a 
cure for scroful[J.. Ladies do not no,v believe that the })resence of a 
piece of cold iron on their couch, "'ie/tile uneasy in theh' circ1l'JJz- 
stances," will secure a happy COnSU111nlatiou; nor is a child's caul in 
n1uch reqnest in these days as a protection against fire anr1 drowning. 
True, ,ve have got over these beliefs pretty thoroughly. But is the 
desira for infallible remedies and potent protectives clolle away with 
also ? Not in the least; and though science is doing its best to pro- 
vide honest substitutes in a natural 111ea8ure, tbe public is not satis- 
fied with its efforts. Quacks are the lnodern magicians, and quack 
medicines the charms of latter days. Those who are bald, for in- 
stance, will not accept their fate while a single wcll-puffed e]ixir ,vith 
a Greek nan1e remains untried. There is something saddening, if not 
sickening, in the evident success which attends the pretenses to cure 
chronic and irremediable diseases, to effect n1Íracles in short "Tith tIle 
lllost trumpery of means and execrably sil1y de,
ices. Our forefathers 
were iUlposed npon, no doubt, but 1.here ,,
as nlethod in their nladlle
s. 
The" simpleR" with ,vhich spac-wivcs anc1 chm'latans professed to 
cnre ailments were in many cases effective and now recognized drugs, 
and were at the \vorst perfectly harmless; ,vhilc the rites ,vith which. 
they were adll1inisterec1, if quite apart from the purpose, yet appealetl 
gracefully to the inulgination. Nowadays, howc\Tcr, the" sinlpl(\s " 
are the patients and not the medicines! The old story. Childlike, 
the acre cries for sonlethincr that it cannot O'et , relecting tIle good that 

 b ::;:, J 
 
is "Tithin readl. 
In a recent number of this J01û'nal, we baa occa
ion to rl'fe]' to 
the amazing credulity of Americans 011 the subject of professional 
"mecliums." The worst of it is, that tIlC extent to which this has been 
laiù bare is insignificant cOD1pared with that which really remains Ull- 
exposed. The desire to ,york with supernatural to01s in drcctillg the 
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paltriest allllineanest of hUlnan ends, would seem to have divided a 
people of accredited shrewdness into the t,vo classes of rogues allll 
dupes. But, as we have seen, we, too, have been singed at the sanle 
fire. There are, moreover, other if minor super
titiolls in our midst 
that suggest the propriety of beginning the task of reformation at 
hOlnc. .1\,11 occasional glance, for illstallce, at the stock ad vertise- 
nlents of leading journals, will convince anyone how ,vide-spread is 
the infatuation that believes ill spurious offers of advantageous em- 
ploynlent. SOlne of these have, under our o,vn observation, been re- 
peated with little variation for more than twenty years; and ,ve have 
no doubt that the wily advertisers are able to calculate to a fraC'tion 
the nUluber and gullibility of their dupes. "'T' e have from time to time 
drawn attention to swindles of this class, as well as to those telnpting 
offers of "1\Ioncy to lend," which appear with equal regularity ill 
newspaper columns. 'Ve are afraid, however, that friendly ,yarning 
and experience are alike unavailing to stenl the lllischief. Thé spread 
of c(lucation itself ,vould appcar unable to outstrip tbe spread of iUl- 
posture or tbe eager credulity that supports it; for superstition merely 
shifts its ground from thue to time, without losing appreciably its 
original dominion o,'er the human mind.- GltaJítbers's Journal. 
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P ROF. "T. J. 
IACQUORY R...\
I{IXE was horn in Ellinburgh, 
July 5, 1820, and on Christmas-eve, in 1872, he died, before he 
had cOlllpleted his fifty-third year; but in that comparati ,'ely short 
life he had won higher distinction and done morc good ,vork than it 
fan.;; to the lot of 11l0st men to cOlnpass. 
lIe pursued his ordinary school studieB in the Burgh Acadelny of 
the to,vn of Ayr, the high-school of Glasgow? 'Ylwll very young he 
entered the l.T niversity of Edinburgh, where he deyoted himself to 
natural philosophy and natural history, including zoülogy, geology, 
. lnillcralogy, and botany. lIe was a born mathematician, and received 
little aid frolll professional instruction in the branch of science in 
,vhich he subsequently displayed snch great genius. Throughont his 
educational course he reccÏ\ycd valuable aid frolll his father, who was 
a retired lieutenant of the British Army. 
I-lis po.wers were developed at an early age. Before he .was 
t,venty he had ,vrittcn two essays on subjects in pure physics. ....\.t 
eighteen he adopted the profession of civil engineering, and was the 
pnpil of Sir John :\Iacneil for three or four years, a great part of 
which ,,?as spent on engineering ,,'orks in Ireland. Subsequently, he 
was employed for several years on raihvays and sin1Ïlar ,yorks in 
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Scotland; ana in 1850, forn1Ïng a partnership with 
lr. John Thom- 
son, C. E., he settled in Glasgow. 

leallwbile he had been busy in purely sci<,ntific pursuits not con- 
nected with his calling, and the value of his work was generally 
recognized. lIe ,vas elected to yarious learned societies, and ill 1853 
was luade a fellow of the Royal Society of London.' The sanle year 
he became a nlember of the British Association, in which he suùse- 
quently held several iInportant l)ositions. During the Duhlin Ineet- 
ing of the Association in 1857, the honorary degree of LL. D. was 
conferred upon him by the university of that city as a mark of the 
emincnce he haJ. gained as a l)hysical investigator. lIe was tllCll 1ut 
thirty-seven years old. 
In 1855 he wa
 made Regius Professor of Civil Engineering und 
l\lechanics in the University of Glasgow, a l)osition ,vhich he held 
with distinction for seventeen years. lIe ,vas an ahle instructor, his 
-aim being to develop the understanding of the student by the culti- 
vation of natural knowledge, and to beget those haùits of close ob- 
servation and persistent aud exact verification which are so e
sential 
to the scientific worker in any field. 
Prof. Rankine .was the first President of the Institution of Engi- 
neers of Scotland, and in 1861 was made President of the l'>hilo- 
sophieal Society of Glasgow, contributing mflny pa!)ers to the Pro- 
ceedings of that Society, and on a ,vide range of topics. The honors 
be won in his profession, and in thermo-c1ynan1Ïcs, ,vere rivaled by his 
achievements in nayal architecture, to which his attention ,vas for 
some tiIne givcn. 
IIis \vl'itings ,,'ere exceedingly YOhll11inons. IIis publisl1ed trea- 
tises and manuals included, anlong other
, "
Ianual of .1:\pplied )Ie- 
chanics," "l\lannaI of the Stcarn-Engine ana Other PrÏIuc 1\lov('r8," 
"Civil Engineering," " Useful Rules and Tahles," "Cyclopædia of 
l\Iachine and IIand Tools," "lUanual of l\Iachinpry and 1\Iill-"r ork," 
besides a vcry long catalogue of papers on physics, cspecially tllCrnlo- 
dyn::unic8, applied mechanics, etc. lIis style was a model of scien- 
tific writin
-elegant, exact, lucid in explanation and apt ill illustra- 
tion. In short, his ,vas a mind of the first ordf'r, his original investi- 
gations were of the highest value, and his excellent influence as an 
ingtructor in mouldinO' the minds of his studcnts will he far-reaching. 
ö L 
IIis early death ".3S the penalty of oyerwork, and wa
 prcceded 
hy an inlpairment of vision and a derangenlent of the 11('flrt's action 
th
t were very distressing. lIe yielded to the demand for hodily rcst 
when it becalne iInperatiye; but it ,vas too late. Ilis is nnother name 
added to the long list of those ,vho, UUaer

:1nc.ljng perfectly th(' lin1Ìts 
,of human endurance, seenl to think that their case is e
ceptional, 
that their or(J'anislns can be continuousl y overworked with impunity, 
ö 
and so go on, heedless of the dUJub protests of the abused body, until 
the ruin is utter and irrevocable. 
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LANGUA,GE LV EDUCATIOX. 
T HE agitation for a reform in the Civ- 
il Service, as it is called, should it 
result in the establishment of that meas- 
ure, may be expected to produce effects 
not now much anticipated or cared for. 
The essence of the reform is to consist 
in getting better men for office-holders 
than American politics has hitherto af- 
l
orded-certainl:r a most laudable thing. 
Rut the mode of arriving at the better 
qualified lnen is to be by "examina- 
tions," that is, by the educational test. 
Before candidates can be examined, 
however, and decided upon, it will be 
necessary to arrange the standards by 
which they shall be judged, and one of 
the important effects of the system This marked predominance of dead 
will be to bring to inexorable judgment over living languages, and the still more 
those preliminary standards on which striking predominance of language over 
the whole policy must rest. One of the science, could not fail ultimately to 
reasons why the superstitions and ab.. bring the whole question under critical 
surdities of education are so tenaciously I scrutiny, and has led to a reëstimate of 
persistent, is the difficulty of '"bringing I the educ
tional value of lingual studies. 
the results of so-called culture to direct We pu Lhsh part of a paper read by 
practical test or verification; but the Prof. Rain before the British Social 
examiners who frame the catechism by I Science Association, which deals with 
which candidates for office are to be this important subject, and our readers 
sifted and accepted or rejected, cannot I will find it valuable as a contribution to · 
fail to do something toward the remov- education, regardless of the Ch'il Ser- 
al of this difficulty. In deciding what vice interest, while it illustrates what 
qualifications are desired, they will give must be the effect of that reform in 
judgment npon the method tbat has bringing educational questions into a 
produced them. new aspect. The overshadowing pre- 
The English have tried Civil Ser,ice dominance of language forces an in- 
reform sufficiently long to begin to con- quiry which proves that it is of the 
nect cause and effect, and take account very lowest possible use as a means 
of the validity and worth of its stand- of ll1ental culture. 
ards. They began the system of Ci viI 
Service e},.amination in 1853 by drawing 
up scales of the valuation of different SA rIXGS-BA
YKS AXD BTATE rONTROL. 
kinùs of knowledge as expressed nu- 
merically by nlarks, so that proficiency in 
the various branches could be added up 
and indicate the "standing," as is done 


in many schools. This scheme, of course, 
represented current ideas, and the In- 
dian Civil Service Board decided that 
"in the two great ancient languages 
there ought to be an examination not 
less severe than those examination;; by 
which the highest classical distinctions 
are awarded..'1t Oxford and Cambridge." 
This was for those who aspired to ci'TiI 
positions in India; and how the know-l- 
edges were rated comparatively may be 
inferred from the following examp]es: 
Greek. . . . . . . . . . . .. . . . . . . . . . . .. '750 
Latin. . . .. . . . . . . . . . . . . . . . .. . . .. ';50 
French. . . . . . . . . . . .. . . . . . . . . . .. 3';5 
Gerlnan. . . .. . . . . . . . . . . . . . . . . .. 375 
.Katural sciences. . . . . .. . . . . . . . .. 500 


THE recent scandalous rmyelations 
concerning the manngement of 8a\'Ïn!2'S- 
banks and similar institutions of trust 
hmTe, of course, provoked much dis- 
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cussion, and, equally of course, much 
loose talk. 
The obvious fact that many of the 
men who have been chosen, or have 
assumed, to take care of the savings of 
the frugal have proved to be whony 
unworthy shows, it is often argued, an 
alarming decadence in the moral tone 
of the cOInmunity, which is variously 
ascribed according to political or re- 
ligious bias. There are not wanting 
those who assert that the whole social 
organism is unprecedentedly corrupt, 
and that the facts which have trans- 
pired are but a faint precursor of what 
is to come. But it is by no means 
clear that any such doleful view of the 
'situation is warranted. The morals of 
trade llIay be loose enough, but it is 
not readily to be admitted that they 
are deteriorating. 
It is true that the early history of 
savings-banks in this country shows no 
such dark picture. Previous to 1862, 
failures were rare; the banks were, as 
a rule, safely managed by fit men. A 
high order of financial or executive 
ability is not required for the manage- 
ment of a savings-bank, but integrity 
and commOD-sense are; the right paths 
are straight and well beaten-whnt is 
needed is a steadiness of purpose to 
resist the temptntions thnt lead away 
from them. During the last fifteen 
years the number of these institutions 
has largely increased, and the process 
of natural selection does not seem to 
have developed safe officials as fast as 
they were wanted. 
Nor is it alone that it has been ne- 
cessary to put many new and untried 
men in places of trust. A higher de- 
gree of rectitude has been needed to 
bear the strain imposed by the specula- 
tion and recklessness of a period of in- 
flation than was sufficient in the le;o:;s 
trying days which precedef1 this era- 
this ]13.S not al wnys been found. The 
prudence of any gi '
en man or class is 
not a fixed quantity, it is subject to 
fluctuations; it is weakened by the 


239 


spirit of confidence and rashness that 
always marks a period of rbing price
, 
and strengthened by the heroic treat- 
ment of adversity which is sure to 
come in with tIle reaction. 
Of the details of the mismanage- 
ment which Las led to disaster, and of 
the rules for properly conducting such 
institutions, it is not our present purpose 
to speak; but there is one idea whieh 
seems to be fundamental in all the 
remedies proposed that deserves atten- 
tion. 
State control in some form is the 
sole corrective which, in the opinion 
of those whose views find expression, 
is available; and there is something 
sublime in the faith apparently felt in 
government management, even by those 
who are loudest in their denunciations 
of office-holders - the only agents 
through "horn a state can do its work. 
TlJe recommendations all assume 
one of two forms: 
1. That a system of post-office sav- 
ings-banks, similar to those now oper- 
ating in England, be established; 01'- 
2. That more thorough state inspec- 
tion be instituted with a view to main- 
taining and purifying the present s,ys- 
tern. 
Opinion is still divided in England 
as to the ultimate SUCCéSS of the scheme 
for post-office banks, but it has, so far, 
worked too 'well to permit unqualified 
condemnation. This success, however, 
has been wrought under conditions that 
do not obtain in the United States. 
In the first place is the wide differ- 
ence in the Civil Service of the two 
countries. Without going- into com- 
parisons it is safe to say that, until our 
much-talked-of reform slwll have made 
some progress, it may be ns weU to go 
slo"T in committing savings-deposits to 
the custody of an irresponsible, ever- 
shifting set of officin18, chosen without 
any reference to their natural fitness or 
t)'aining for the di::,charge of fo'urh a trust. 
",y c aJre:uly hear much of their delin- 
quencies, anù it is certain that the pro- 
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posed system would add to their temp- pride themselves on being practical, 
tations and the risk of defalcation. and who never fail to have their little 
Secondly, the difficulties in working fling at theorists, should cling to a the- 
the system are greatly enhanced in this ory that has broken down whenever 
country by the 1dde territory over tested. 
1yhich it must extend, to at all meet Official examination has had a very 
the requirements of the people. thorough trial in this country; it has 
Thirdly, the banking branch of the been a feature of tlle national banking 
Post-Office Department could not be system since its organization in 18G4; 
made self-sustaining, and at the same the history of these banks has, as a 
time pay a rate of interest that would whole, been creditable, but scores of 
draw depobits. It is not likely that 3}- them have failed, many disgracefqlly, 
per cent. would be sati
factory when and the worst of them in localities 
there are perfectly sound banks that can where it mj,ght be expected tllat the 
pay five per cent.; ap.d yet 3! is prob- examinatiom,-would be most thorough; 
ably nlore tlum the Department could while the life-insurance companies and 
afford to pay. Following the rule of savings-banks of :K ew York bave long 
the English system, and the only safe been objects of legislative solicitude 
one, it must invest its deposits in Gov- and official care, with results that do 
ernment securities, on which it cannot not need to be told here. 
now realize more than four per cent. The theory of State intervention in 
Out of the half per cent. margin must such matters is fallacious; private en- 
come all expenses and the loss of inter- terprise, if left to itself, would compass 
est on unused balances. The Depart- the desired end much better than any 
ment could not even take the very ne- governmental machinery. The indórse- 
cessary precaution of keeping a ca
h ment which the State gives to a new 
reserve against deposits, and though it institution, by granting a charter and 
may be said that the degree of confi- nominally assuming a supervisory con- 
dence would be so great as to preclude a trol, endo,,'s it with an air of respecta- 
run, and so no resen'e would be needeù, bility and solidity which it could not 
it will be found that if the Government, otherwise command, and ,,-hich is for 
through any of its departments, goes the most part illusive. If depositors 
into banking, it will be amenable to understood that their sole reliance wns 
the rules that govern banking opera- I the character of the Inen they were 
tions. It could be readily shown, if dealing with, and that the only super- · 
space permitted, that the Department vision would be such as they chose to 
would be a constant dealer in bonds, exercise, they would soon come to se- 
buying on a high market, and selling lect the guardians of their savings with 
on a low one-a process not conducive greater care, and scan their acts more 
to profit-and it is highly probable that closely. 
from these various causes the chronic The State has it legit
mate function 
deficit of the mail-ser"rÎce would be in- wIlich it has very imperfectly fulfilled 
creased by the losses incurred in the in this connection; it is competent to 
banking department, a. result which enforce the performance of contracts; 
could not be defended on any tenable to visit punishment upon neg1igent or 
ground. di
honest officials; to secure prompt 
K ext, as concerning State inspec- and inexpensive justice to the sufferers 
tion. It is certainly remarkable that a. in event of failures. This has not been 
system which has been tried so fully done, but insteaù, contracts have been 
and fnBed so utterly, should still be so shamelessly broken with impunity; fel- 
implicitly relied on; that meD, who ony has been openly compounded; and 
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the proceedings of winding-up defunct 
banks have been dilatory and extrava- 
gant-conducted with a disregard of 
the interests of the depositors that 
differs frolll common swindling only 
in having the sanction of the courts. 
If the State had performed the duties 
which manifestly belong to it, there 
would be less clamor now for it to step 
out of its proper sphere to Inanage 
financial corporations. 
It is true that the public has been 
Inarvelously credulous. Any advent- 
urer who could raise money enough to 
put up a sign and make large promises 
would find some trusting fools to leave 
their money with him, and it almost 
sèems that they should be protected 
against themselves; but efforts which 
niru to protect people frmn the conse- 
quences of their own folly, however 
amiable they 1uay be, are rarely suc- 
cessful; it is best in the end to let 
people reap the reward of their stu- 
pidity. 
"C nfortunately, the average deposi- 
tor in savings-hanks labors under disad- 
vantages in being without facilitifs for 
getting information or training which 
would help him to form an inteHigent 
judgment on it when obtained; but 
this is one of the unpleasant concomi- 
tants of ignorance from which there is 
no way of escape except througll the 
acquirement of knowledge. The pub- 
lic docs not seem very apt in gaining 
this sort of know ledge; but only as 
it is mastered will a better condition 
of things be reached. The teachings 
of the last few years have been very 
thorough, and it is to be hoped that 
confidence will be more intelligently 
placed in the future than it bas been in 
the recent past; that new candidates 
for it will find that more strenuous and 
legitimate measures are needed. 
A gooù deal is said about the p]lilan- 
thropy of this dass of institut'Ïons; but 
:malysi
 would douhtless show that the 
altruistic element in them is the merest 
trace. They are formed ùy men who 
VOL. XII.-16 
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are selfish enough to desire to make 
them as large anù prosperous as may 
be; it will not need a great prolonga- 
tion of the present state of feeling to 
teach them that the way to success is 
to offer the highest guarantees of gooù 
management and security, and see to it 
that these guarantees be real. 
As to the best methods of convinc- 
ing the pu bHc of tIwir trustworthiness. 
that may safely be lcft to the mnnngers 
themsehTes; the utmost 11Uùlicity and 
fullness in the statements of conùition, 
and the greatest freedom for the in- 
spection of accounts and securities by 
depositors, or those in their interest; 
would contriùute much to that end. 
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THE QrEsTION OF REST FOR "\V OMEN D'CR- 
nw ME
STRUATION. By :MARY PUTNAM- 
JACOBI, .M. D. The Boylston Prize Es- 
say of Harvard University for 1876. 
Pp. 232. New York: G. P. Putnam's 
Sons, 187'7. Price, $3.50. 
IT is fortunate for that group of physi- 
ological and social conditions involved in 
what is termed tlw ""\Y' oman Question" 
that it has been investigated in one of itE! 
most important aspects by an author not 
only specially prepared by education and 
training to do it justice, but one, so to 
speak, " to the manner born." The motive 
of Dr. Putnam-Jacobi's book seems to be to 
close the discussion opened by Dr. Clarke in 
his" Sex in Education," rather than to make 
a direct answer to his argument That it 
does not close this discussion, and fUJ'ni:-h 
an authoritative canon to measure the value 
of the" question of rest for women," is tbe 
fault partly of the material gathered, and 
partly of the method of handling the facts. 
There is no difficulty in the way of doctors, 
male or female, collecting facts relating to 
women Eick; but, when faets are needed 
concerning women well, the innate delicacy 
of the sex is in arms against the statistician. 
This is evident when we state that, of 1,000 
circulars calling for information regarding 
the E:exual history of women in different oc- 
cupations, but 2GB were an
wcred. 
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The second section of the book deals 
with the facts obtained in reply to this 
circular. These facts relate to the condi- 
tion of health of childhood, and of parents 
or sisters; the age of going to and leaving 
school; the number of hours of study, of 
exercise; the nature of the study or occu- 
pation; pain during menstruation; the 
need and length of rest during tbe continu- 
ance of that function, and the time wben 
rest fir3t became necessary. The strength 
is measured by exercise, and several other 
conditions naturally suggested by the ques- 
tions are gh'en. These facts are tabulated 
under groups distinguh;hed by either the 
total absence of pain or its presence at va- 
rious periods. The author makes ingenious 
but legitimate use of her figures, hampered 
by the small number of individuals subject- 
eù to analysis. The number is sufficient, 
however, to foreshadow what is probably 
the amount of disability entail('d upon 
women by the need of rest. Too much 
stress appears to be laid upon the mere 
prcsence of pain and the incapacity to work 
re.sulting from it, as if this were the only 
source of disability. 'Vomen are sometimes 
obliged to take rest from the nervous de- 
pression and mental disturbance which at- 
tend the exercise of the ovarian function; 
but it is possible that it is the better way, 
when the interpretation of the causes of in- 
capacity is left to the average individual, 
that some well-understood term like" pain" 
be adopted. The section on statistics being 
long and complicated, we must overlook the 
steps of the process, and confine ourselves 
to the results. 
Out of the number of women inter- 
rogated (286 cases), 94, or 3
 per cent., de- 
clare themselves always free from discom- 
fort (pain ?) during menstruation; by adding 
to this number 46, who only suffered slight- 
ly, or occasionally during that period, this 
proportion is raised to 59 per cent. ; on the 
other hand, 128 women, or 47 per cent., 
suffered seriously from pain; in them men- 
struation was, therefore, a morbid pro- 
cess. "In all such cases," remarks the au- 
thor, "rest during the existence of such 
pain is as desirable as during the occur- 
rence of any other." Of the 162 painful 
cases, including all degrees of pain, 53 per 
cent. had been so from the beginning; and 


in 47 per cent. the habit had been acquired. 
The relation of the age at which schooling 
began and the time spent in school to this 
catamenial pain is not very evidcnt, as this 
condition is very nearly alike in all the 
groups. Of the painful group 18 per cent. re- 
ceived very little education, while in the nor- 
mal group none are so specified. Of the first 
only eight per cent. pursued advanced studies 
beyond the age of twenty-two against 16 per 
cent. in the latter. Dr. Putnam-Jacobi is led 
to the conclusion from her figures, which 
are unfortunately too limited to afford.even a 
guess at the real truth, that the highest edu- 
cation giv
 to women is the most favorable 
to menstrual health; the least favorable be- 
ing the ornamental education. In the mat- 
ter of physical education, it was found that 
those who never suffered pain exel'cised 
more than the other class; but all classes 
were found to exercise too little during 
childhood and girlhood. The tables show 
that the family history exerts a greater in- 
fluence over the menstrual life than occu- 
pation. The figures prove that two-thirds 
of those who suffered periodical pain inher- 
ited some special or general constitutional 
defect. Physical ,igor, as measured by the 
capacity for exercise, ,vas shown among 
those free from pain in the ability to walk 
an average of fi,e miles; the average for 
those who habitually suffered pain was three 
and a quarter miles; and for the cases of 
slight or acquired pain four miles. "Capa- 
city for exercise was nearly always in in- 
verse proportion to the habit of pain." The 
tables show that persons without occupa- 
tion suffered from painful menstruation in 
much larger proportion than those who 
were occupied. One would infer from this 
that the author, in a measure, traced this 
result to the want of occupation; while we 
should reverse the conditions of cause and 
effect, and explain the lack of occupation 
by the incapacity resulting from the peri- 
odical pain. The concIu!'ion is also reached 
from the fact that marriage is opposed to 
the existence of babitual periodical pain. 
And, lastly, "as regards rest-the most im- 
portant question for our purpose-we have 
seen that the above data do not suffice to 
inform us of its influence; " and thus, so far 
as the main theme of the book is con- 
cerned, the autþor leaves the" question of 
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rest for women" in just the condition in 
which she found it. 
The third section, occupying fifty pages, 
is a review of the various theories of men- 
struation, and shows considerable research. 
The next section is devoted to what the 
autllOr calls experimental research upon six: 
persons in the form of daily tabulated state- 
ment::; of pulse, temperature, dynamics, and 
the excretion of urea, before, after, and dur- 
ing ovulation. The general results to be 
gathered from the tables are, that e:x:cretion 
of urea is increased previous to the hæmor- 
rhage over the usual amount, although there 
were many exceptions to this rule, individ- 
ual peculiarities generally governing the 
results. The number of cases obser,ed, 
however, was too small to afford conclu- 
sions. The same objection may be made 
against the d
-namometer and temperature 
tests. Phy::;iological experiments of this 
nature always require a sufficient number 
of subjects to reduce individual peculiari- 
ties and accidental conditions to a minimum 
ill the mean results. The state of the cir- 
culation is given a very careful study by 
means of the sphygmograph before, during, 
and after menstruation, fmm which obser- 
vations the author concludes that there is 
an increase in the tension of the arteries 
seven to nine days preceding menstruation, 
to be lowered, as a rule, a few hours after 
the beginning of the hæmorrhage, reach ing 
it:, minimum after its cessation. This in- 
crease in intermenstrual arterial tension, 
being similar to that observed in pregnan- 
cy, leads the author to this remarkable con- 
clu:5ion-" that in aU thcse respects the in- 
termenstl'1lal, and especially the premen- 
strual, period represents a pregnancy in 
miniature." :From the facts gathered in 
this experimc-ntal cJlapter, "it should fol- 
low," the author says, "that reproduction 
in the human female is not intermittent, 
but incessant; not periodical, but rhyth- 
mic; not dependent, on the voJitions of ani- 
mal life, but as involuntary and inevitable 
as are all the phenomena of nutritive life." 
From what we know of the author, we be- 
lieve the phraseology of the above will be 
materially altered in the next edition. .Aside 
from the unscientific use of words, and the 
strained meaning put upon the word 'J.lt!Jilt- 
pÛc, the author confounds reproduction 
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with the conditions essential to reproduc- 
tion. It conflicts al
o with reasoning to 
which this is designed to be the natural 
conclusion. For instance, on page 98, 
speaking of the Graafian vesicles, she salS 
that, "as the process of their development 
is gradual, the periods of rupture arc ne- 
cessarily intermittent;" and, as if to pre- 
clude all iùea of rhythmic action, she says, 
further, it "is one of the most irregular of 
physi010gical phenomena." 
\Ve shall end our notice by a few re- 
marks on the conclusions with which the 
author closes the book. 
Menstrual pain, in
tead of being the re- 
suIt of want of rest, depends upon-I. "Im- 
perfect power of resistance in the nerve- 
centres." This presupposes an inherent 
tendency to pain in all women during this 
act, its expref'sion depending on the power 
of repression, although this alternative is 
evaded by the author. 2. Organic defects; 
and, lastI}', acquired pain, which may depend 
upon conditions common to both sexes in 
the gene5is of disease; upon causes mainly 
due to parturition, and thus peculiar to 
women; or "from two cam:;es, very much 
more frequently operative in women than 
men, namely, ill-arranged work and celi- 
bacy." 'Vhether this work is "ill-ar- 
ranged" with reference to time or not, the 
author does not inform us. The conclusion 
is natural that this ill-arrangement is due 
to the need of intervals of rest, since 
work and rest are natural antitheses. The 
evil effccts of celibacy are insisted upon in 
several places. The author even rises to 
the heights of impassioned prose, when she 
says that "many others never obtain the 
opportunity to bear a single child, for 
which, ne\ ertheless, every fitre of their 
physical and moral being is yearning." 
\Vhile we cannot express ourselves so poet- 
ically, we concur in the idea; but it is not 
a little singular that, since the motive of the 
book is to demonstrate woman's capacity 
for continuous work during certain periods, 
the derangements due to matrimony re- 
ceive no attention. The fifth and Jast 
conclusion is that "there is nothing in the 
nature of menstruation to imply the neces- 
sity, or even the desirability, of rest for 
women whose nutrition is reany normaJ." 
Yet, upon the previous page, in speaJ\.ing 
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of the presence of pain in 46 per cent. of 
women, it is traced among other things to 
"work that is either absolutely excessive, 
or e'{cessive relative to woman's constitu- 
tion, by being prolonged too much during a 
single session, or else which is insufficiently 
relieved by recreation." It is impossible to 
read this last section of the book without 
coming to the conclusion that the author 
in many instances is reasoning against her 
convictions. 
The author does not seek to evade the 
fact that 46 per cent. of women suffer a 
greater or less degree of pain during this 
time, and yet it has not the slightest bear- 
ing upon woman's efficiency to work while 
thus suffering to say, as the author does, 
that this pain is not directly dependent upon 
the need of rest. If we recognize in pain 
the ideal curse of humanity, we may form 
a notion of what a woman must undergo 
who, under the lash of necessity or duty, 
carries her burden of pain to her daily 
tasks. It matters not whether the pain is 
evaded, or mitigated or not by rest, it is a 
panacea instinctively sought. It accords 
also with the universal experience of medi- 
cal men that pelvic pain, or hyperæmia, is 
quieted by rest, and this is as true of men- 
strual pain as of any other condition. Such 
a fact as this cannot be reasoned away by ar- 
guments drawn fwm speculative physiology. 
But we must recognize in this book a 
new departure in the literature of the ques- 
tion. It is something new, as well as a 
grand stride in the right direction, for the 
advocates of woman's immunity from any- 
thing like physical restraints to labor to 
investigate facts and to couch this investi- 
gation in scientific language. The faults of 
the book are mainly those of hasty prepa- 
ration, both in the collection of data and 
the arguments based upon them. 'Ye are 
satisfied that, with a wider range of facts 
and greater deliberation in handling them, 
many of the hasty generalizations which we 
have pointed out would not have occurred. 
The book shows hard and honest work, and 
dernonstmtes tIle great capacity of Dr. 
Putnam-Jacobi for scientific investigation. 


FIFTEEN-CE
T DI
XERS FOR 'V ORKING-)IEN'S 
FAMILIES. By JULIET CORSON. Pp. 40. 
THIS little tract is designed to show the 
working-man's wife how she may provide 


for hcr household a sufficiency of good, 
wholesome food at a cost easily within tile 
means of the poorly-paid day-laborer. An 
edition of 50,000 copies has been published 
by the author for gratuitous distribution, 
and it would be an act of humanity to aid 
in circulating the book among the class who 
have need of the information it contains. 
The poorer cla
s of people are, in propor- 
tion to their means, far more wasteful than 
the rich, and the information here conveyed 
cannot fail to be highly profitable to them. 
. 


REPORT o
 T.Q.E TELEGRAPHIC DETER)1I
.ATIO
 
OF DIFFEREXCES OF LO
GITüDE I
 THE 
\\" EST IXDIES AXD CEXTRAL AMERICA. By 
Lieutenant - Commander F. 
I. Gm;E
, 
U. S. Xavy. \Yashington: Goycrnment 
Printing-Office, 1877. 
X Å VIGATORS, geographers, and others, 
are constantly demanding improved values 
of the geographical coördinatcs of places on 
the earth's surface, as the demands of their 
pursuits become more and more exacting. 
\Vben the longitude of a slow-sailing vessel 
was obtained by observations of lunar dis- 
tances a large uncertainty in the resultinf: 
datum was inevitable, and was expected and 
aIlowed for. ]{odern practice in steamers, 
where every additional hour's run means the 
expenditure of yaluable fuel, etc., and where 
an uncertainty as to the ship's position is 
subsequently paid for by the owner in the 
expenses of the voyage, demands something 
more than the approximate longitudes of 
prominent seaports, which before were suf- 
ficient. 
This want bas ùeen long felt, and the es. 
tablishment of secondary meridians has been 
attempted in many places and by various 
nations. In 1866 a committee of the French 
Bureau des Longitudes was directed to pre- 
pare a plan for fixing a certain number of 
fundamental secondary meridians, separated 
by convenient distances, all round the world; 
and, in 
Iarch, 1867, their report having 
been submitted to the :Minister of Marine, 
its immediate execution was directed. A 
commission of eminent French naval offi- 
cers was organized to superintend tbe prep- 
aration for this work and its performance, 
and five or six parties of skillful observers 
were, after several months of preliminary 
study and practice, dispatched with their 
instruments to various parts of the world to 
make obsCl"vations of moon-culmintaions to 
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determine the difference of longitude be- 
tween thcir respective stations and the me- 
ridian of Paris. .At that time, the present 
,wide extension of submarine cables could 
not be foreseen. This commission fixed 
several points in the 'Vest Indies, and from 
Ihe
e longitudes were counted by French 
and other navigators. Other points in this 
region were established by other nations; 
and frequent discrepancies arose, for which 
there was no remedy, except an entirely 
new and independent determination by the 
accurate method of telegraphic longitudes. 
In view of the importance of the com- 
merce of the United States with the 'Vest 
Indies, the Hydrographer of tbe U. S. Navy 
determined to undertake this task, and ac- 
cordingly a plan for its completion was pre- 
pared and the execution of this plan was 
ccnfided to Lieutenant-Commander Green. 
This plan was very comprehensive, and in- 
cluded the determination of the latitude of 
each of the following stations, together with 
its longitude from the U. S. K aval observa- 
tory of 'Vashington, which was already tele- 
graphically connccted with Greenwich. 
The stations selected were: 1. Key 'V est; 
2. Havana; 3. Santiago de Cuba; 4. Kings- 
ton (Jamaica); 5. Aspinwall; 6. Panama; 
7. San Juan (Porto Rico); 8. St. Thomas; 
9. St. Croix; 10. St. Johns (Antigu'l); 11. 
St. Pierre piartinique); 12. Bridgetown (Bar- 
bados); 13. Port Spain (Trinidad). 
Station 1 was already connected with 
'Yashington through the labors of the Coast 
Survey. It is to bc noted that stations 2 
and 3 furni::;h a basis for an accurate sur- 
vey of Cuba, that 5 and 6 furnish starting- 
points for the whole sea-coast of Mexico and 
Central America, and that 6, in connection 
with the longitude of Santiago de Chile (al- 
ready determined in position by two Amer- 
ican astronomers, Gilliss and Gould), will 
furnish a basis for the survey of the west 
coa
t of South Amcrica. The north coast 
of Routh America is fixed by the stations 
Õ and 13 (already the Hydrographic Office 
bas publi:,hed the results of chronometer 
expeditions, between these pointE', made un- 
der its direction by Commander Ryan, U. 
R N., in 1877). On station 8 many longi. 
tudes, previously dctermined, dC'pend; and 
the other stations amply E:uffice to fix the 
""indward and Virgin I
lands. Thus the 
comprehensive plan of the expedition, to- 
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gether with that of the expedition sent out 
by tbe H)Tdrographic Office in 1877, under 
the same distinguished officer, will practi. 
cally suffice to fix neady the whole eastern 
anù northern sca-coa.st of South America, 
and will furnbh bases for the establishment 
of the coast-line of Mexico and much of the 
,rest coast of the Southern Continent. The 
expedition of 1877 contemplates the junc. 
tion of station 13 with Lisbon, :Madeira, 
Cape V crd, Para, Rio, 1tIontevidco, and 
Buenos Ayres. 
The work necessary to the final fixing of 
the positions of these thirteen stations was 
done in 1874-'76, and is described in detail 
in the report bcfore us. 
Full descriptions ofthe instruments (with 
plates), the mpthods of ùbservation and re. 
duction, etc., are given in this volumc, to 
which we refer for particulars which would 
be out of place here. Suffice it to say that 
the results are of the same grade of excel- 
lence as those attained in similar work of 
the highest class all over the world. A 
special point of excellence is the absolute 
uniformity of programme at each of the sta- 
tions in each of the expeditions, and this con- 
tributed in no small degr
e to the exccllence 
of the results. This expedition reflects great 
credit upon the navy and upon all concerned 
in its planning and execution, and is espe- 
cially noteworthy as being the fir:;t expedi- 
tion of the kind undertakcn by naval offi- 
cers of any country in foreign ports. It is 
to be hoped that this important service to 
navigation and geography will be followed 
by othcr similar work hardly Jess needed. 


INFLUENCE OF CIVILIZATION O
 DURATIO
 OF 
LIFE. By CHARLTON 1. LEWIS. 
\ Di
- 
course at the Annual Meeting of the 
American Puùlic Health Association, 
October, 1876. Cambridge: Riverside 
Press. 
THE doctrine of the survival of the .fit- 
test is now widely recognizeù as the key to 
all progress toward thè perpetuation and 
perfection of the species, at leaf:t so far as 
the lower orders arc concerned, and up to 
a eertain point in the development of bu- 
mnnity. 
But with the founctì.tion of societies an 
opposite doctrine has beC'n introduced. In- 
stead of the pitile
s dc:-:truction of the weak 
and the infirm, which marks the operations 
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of the law of natural selection, they are f05- 
tered, cared for, and allowed to propagate 
their kind. " Society preserves for the pro- 
genitors of tbe future alike the weak, the 
strong, the diseased, and the healthy. If, 
then, this blind law of natural selection is 
the one key to progress, man must degen- 
erate." One school of statistical writers 
maintains that tbis result does actually ap- 
pear. 
Bllt :Mr. Lewis shows conclusively that, 
while "civilization does largely sacrifice 
one principle of progress - the law of 
evolution by survivorship - it introduces 
:mother still more potent principle ,,
 
longevity. The outeome of careful Lreed- 
ing for a few generations, with a view to 
improvement in this direction, would pro- 
duce a people who would live to a patri- 
archal age. The idea of such stirpiculture 
as this is repulsive to our present habits of 
thought. It is probable that the idea will 
never be realized, but there is a tendency 
toward something of that kind. 
1.[1'. Lewis truly says that the subject 
leads us to the door of a world of restless 
thought and speculation. 
The paper is extremely interesting and 
suggestive. 


ELEMEXT ARY LESSO
S IN PHYSICAL GEOGRA- 
PIIY. By ARCHIBALD GEIKIE, LL. D., 
F. R. S. London and Kew York: 
Iac- 
mman & Co., 1877. Pp. 375. Price, 
$1.7:5. 
O
E of the best of the U Science Primer 
Series" \fa!:' that of Dr. Geikie on "Physical 
Geography," which in the present volume is 
expanded into the form of a text-book for 
rather more advanced scholars. 
The author is undoubted authority on 
this subject, and may be fully trusted, and 
his material is well arranged for the pur- 
poses of teaching. The illustrations are 
taken close at hand, and not only show the 
way in which effects, with which we are 
familiar, have been produced, but teach the 
collateral lesson that Nature's processes are 
uniform; that the most stupendous results 
of far-away land:; or past time have hecn 
wrought by the san1P methods that are in 
operation here and now. This is a lesson 
that scientific men were slow to..learn, and 
it has not hitherto been sufficiently tau
ht 
in our text-books. It is something gained 


when a boy, watching the little streams of a 
summer shower making their way through 
a sand-bank, knows that he is looking on 
the same forces at work that make and waste 
a continent. 
The book is freely illustrated with good 
woodcuts, and with maps f-:howing the dis- 
tribution of atmospheric pres
ure, tempera- 
ture, volcanoes and earthquakes, ocean-cur- 
rents, de. 


GEOLOGICAL A
D GEOGRAPHICAL SCRYE
 OF 
COLORADO A
D ADJACE
T TERRITORY 
(1875). 
. 834. 'Yashington: Gov- 
ernment J>rintillg-Office. 
IT would be impossible, within the nar- 
row compass of a book-notice, to summa- 
rize the contents of this valuable repol't; 
indeed, the space at our disposal would be 
insufficient even to give a simple list of the 
many wonderful natural curiosities and in- 
teresting ancient ruins here for the first 
time described and pictured. Then, in ad- 
dition to the reports of the geologi5ts and 
togpographers, we hayc an elaborate mon- 
ograph on the American bison, by J. A. 
AlJen 
 and a voluminous report by Dr. A. 
S. Packard, Jr., on the Rocky Mountain 
locust and other insects injurious to the 
field and garden crops of the 'Vestern Ter- 
ritories. 


FUR-BEARIXG A
BfALS. By ELLIOTT CorES. 
Pp. 362. "Tith numerous Figures and 
Plates. 'Yashington: Government Print- 
ing-Office. 
DR. COCES has for some time been en- · 
gaged in preparing a systematic bh:tory of 
the Korth American mammals, both livin
 
and e'\:tinct, and the present volume is of- 
fered as a specimen of the method of treat- 
ment to be adopted in that work. The 
group of animal forms described in this 
monograph, the family 
Illsfdirlæ, he divides 
into five sub-families, namely, Jlw;trlinæ 
(wolverene, marten, weasel), ],[ephitinæ 
(skunk), },[eli næ (badger), Luti'inæ ( otter), 
Enl
ydl'inæ (sea-otter). The material on 
wbieh the author bases his systematic clas- 
sification is sufficiently voluminous, namely, 
the collections made by Hayden's Rm've)', 
of which he is the naturalist, and those of 
the Xational "Museum at 'Vashington. Th2 
purely scientific and technieal a
pects of 
the subject-matter are, of course, discussed 
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with aU requisite detail, and there is no I Br<;wne'8 PllOnographic Montllly. Ne
" York: 
., D. L. Scott-Browne. V 01. I., pp. 144. $.... a year. 
doubt that the work wIll be prIzed by nat- Chemistry: Theoretical, Practical, and An- 
uralists as a substantial contribution to aJyticaJ. I'arts 21-23. Pl1iladelpllia: Lippincott 
. & Co. 50 cents each. 
zoölogical science. But, at the same tIme, Metallurgical Re'CÏew. New York: D. \Vil- 
the intercsts of a larger circle, viz., the ]iams. Vol. I., NO.2, VI'. Ð6. $5 a yea.r. 
d teù thouo'h unscientific P ublic have Report of Steamboat Im"ppctio
 in Cannd
. 
e uca 0 'Ottawa: :Maclean, Rogers & Co. prmt. Pp.3-16. 
110t been overlooked. Indeed, what may Anales del :Museo Kacional de
Iéxico, tom. 
be callcù thc " P opular" aspccts of the sub- I., entreg-
.1a. México: Cárlos Ramiro print. 
· . .. Pp. 46. '
lth Plate. 
ject in hand, namcly, the hfc-hIstories of Catalogue of the :Missouri State Ll1iven;ity. 
the species and their economic and other Jefferson City: Regan &; Carter print. Pp. 160. 
. ,. . d d I h Preservation of "Tood as adapted to Ship- 
practIcal relatIOns, are conSI ere at engt. buiJding. By C. E. :Mulll"oe. Chuemont, N. H.: 
Manufacturing Co. print. Pp. 16. 
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PUBLICATIO:N'S RECEIVED. 


Natural Law. By Edith Simcox. Boston: 
Osgood. Pp. 373 
llh:torv of the Ottoman Turks. By Sir E. S. 
Crf'fisy. New York: Holt & Co. Pp.574. $2,50. 
The World's Progress. G. P. Putnam, f'ditor. 
New York: Putnam's Sons. Pp.102Ft $4.50. 
Freethinkincr find Plain SpE'aking. By Le!"lic 
Stf'Dhen. Nc\v""York: Putnam's Sons. Pp.3G2. 
$2.50. 
OutlinE'R of 1\fodern Cherni!"try. By C. Gil- 
bf'rr 'Wheeler. New York: A. S. Barnes & Co. 
Pp. 231. *1.75. 
History of Matf'ria1if1m. By F. A. Lange. 
BO"'tOl1: 08!!00d & Co. Yo1. I., pp. 350. 
ThroulJ'h Rome On. RvNathaniel R. Waters. 
New York: c. P. SOl1wrby. Pp.352. $1.';5. 
Tl1f' Religion" Feelin!!. By NE'wman 
myth. 
New York: Scribner, Armstrong & Co. Pp.171. 
$1.25. 
Onr Common Inf1ectFl. Bv A. 
. Packard, Jr. 
Roston: Ei"'tes & Lauriat. Pp. 22:). $1.50. 
Tables for the Df'termination of :Min('ral
. By 
Pf'r"-ifor Frazer, Jr. Philadelphia: Lippincott 
& Co. Pp. 119. $2. 
Smith80nian Report for 1876. 'Washington: 
Government Printing-Office. Pp. 4
8. 
VilItl!!e Tmprov('mcvtq and Farm Vi11a,!!es. 
By G('org(' E. 'Varin1!, Jr. Boston: Osgood & 
Co. Pp. 21"0. 75 c('uts. 

tf'am-Bn!!in(,f'rin
. RyJ. ""'. NVRtrom. New 
York: Putnam's Sonl5. Pp. 185. $2.50. 


247 


POPULAR 


MISCELLANY. 


Tlw fnited 
b\tes PharmarOIlæia, as is 
well known, 11as been issued in re,-ised 
editions every ten years, since its fir
t ap- 
pearancc in 1830. These revisions have 
been made under th(' finthority and direc- 
tion of "the Kational Convention for re. 
visinrr the Pharmficopæia," consistÌJlg of 
dele;tes from medical and plJarmaceutical 
C ollco'es' the real "orl
, howevcr, has 
c , 
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nu\illly re
ted in the hand
 of a few per- 
son,:;, "ho have at the :'i.Ulll
 time published 
the very remuneratin
 h Dispcns.l.torJ of 
the r nited Stat('
.') The fifth edition of 
th
 rnited B-tate::; rharmacopæia, i5sued 
three years aftcr the convention met in 
1 
 7

, did not, howl
vel., meet with the for- 
mer nppronl.l, and Wi.l:, left \\ ithout its cu
- 
tomaQ l
omUlelltary, inasmuch as tbe au- 
thors of the Dispensatory f.dled to prepare 
in time 8 new edition supplementing the 
new Pharmacopæia. Sugge:;tion::; for an ear- 
lier revision of the rharlllacopæia than in 
1880 have since been mlvanced; and a 
new dl
parture advocated in the method 
:ulll scope of the re\"ision. Dr. Edward 
R. Squibb, of Brooklyn, submitted to the 
_\merican )!l
dical _bsociation an elaborate 
plan for a new and completer work, to be 
prepared by cxperts, under the control of 
that _\s
ol'i.\tion. This plan, however, 
wa
 abruptly rejected by the ...-\.merican 
:Yedical _\

ociation at its recent meeting 
in Chicago, mainly on the ground that the 
work of pharmacopæial revision i5 not ap- 
propriate to that bod). The .American 
Pharmaceutical A5:;ociation, too, of which 
Dr. Squibb is ahm a, member, and to which 
his plt.tn had been pres.ented, objected to it 
on account of the unequal share accorded SalityJir -'rid as a Rrmrdy for Rhrnma- 
to pharm.lcy in the management of the tism.-The value of salicylic add a::; a 
"ork. medicine in the treatment of rheumatism 
The pI.\n to obtain a better Pharmaco- has bt"en under di
cus::-ion for some time, 
pæia at an eJ.rlier date, and Wlder n
w the weight of authority plainly inclining 
management, would practically ha\"e failed toward an affirmatÏ"ve solution of the prob- 
for the present, if it \\ ere not for the judi- lem. _\s a specimen of the fa\"omhle re- 
cious. and prompt action and ener

Y of Dr. suhs obtained by tIJe use of tbe llrug, Wè 
Frederick Hoff'nann, of X ew York, who car- quote the ob5er\"atiolls of Dr. L. P. Yandell, 
riel! the subject,when dropped by Dr. Squibb, Jr., as 
tated in his" Report on )tì.teria 
mto the American Pharmaceutical 

50cia- l[edica" to the Kentucky State 'iedical 
tion at it5 recent annual meeting at Toronto. Society. Dr. Yandell's report treats of a 
He oftèred the re
olution, that the .Åmer- number of recently-introduced drug
; it is 
ican Pharmi\ceutical .A
.5ociation elect a published in the Louisl'ille JIeáical 
Ye!r8. 
Commi ttee to prepare a complete Phar- Hi5 experience with salicylic acid may be 
macopæÏL'\ which mõ.l.Y be submitted to the briefly stated as follows: First, in the City 
criticism of the medic.ll Bnd pharmaceu- Hospital of Loui5\"il1e, nine eases of acute 
tical profe;;:sions, and may be proposed to articular rbeumatism were treated with this 
the above-mentioned Sational Convention drug. and a "perfect cure" effected; in 
(,)r re\"i
ing the Pharmacopæia. This rcsolu- e\"ery instance the disease was arrested 
tion p.1.5
ed unanimously; and the result within three day=', and in se"\"eral cases 
wa
, that a committee was appointed for relief W3S obt.lÌned in from eight to t\\"el"\"e 
Ùis purpose, which has agreed upon a plan hours. The drug did not appear to hase 
of it;;: work and has 5elected the experts to any antipyretic effect. The patients took 
;lccomplish it. Dr. Hoffmann, of Xew York. I the acid in ten and twenty grain do
e
, in 


ha
 taken charge of the chemical part of 
the new PharmacopæÏLl, Prof. )hi::;ch, of 
Philadelphia, of the department of phar- 
macognosy; and Yr. Rice, of Xew York, 
represents pharmac). This committee bas 
promptly entered upon its labors, and 
e:\.pects to .submit the res.ults to the _\mer- 
ican Pharmaceutical_\ssodation in the fall 
of 1
 79. It remains to be 8ceu "hether the 
A5sociation will then prescnt the work of 
its expert-committee to the Xational Con- 
\"ention, supposed to meet in 1880; .md 
\\ hether the latter will acct'pt this gmtuitou
 
offer: or else"whether the ..lmerican Phar- 
maceuticõ.ll _\5:3ociation, cncouraged by the 
character 
\lld nlIue of tbe work, and by the 
sentiments of its members and the profes- 
sion at large, will choo
e independently to 
publi5h its Pharmacopceia. D., such action 
it would realize a desideratum which Dr. 
Squibb vainly aimed to accomplish, amI 
"ould relieve the profe

ion ii.om the old 
X ational Con\ ention for revi
ion of the 
Pharm,\copæia, anù this itself from any 
fmother labors, by presenting in time a new 
and adequate stand.lfll whkh by its in- 
trinsic merit:3 might at once command the 
appronll and acceptance of the profe
sions. 
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capsules, at yarying intervals. In the same Florida lizard'ó.-During a sojourn in 
hospital three cases of chronic rheumati:5m ',aldo, Florida, Yr. Henry Gillman has 
were treatcd with salicylic acid without any studi
d the characters and habits of a great 
good results. In his private practice Dr. variety of lizards, and, in a brief commu- 
Yandell has used this drug in five pro- nication to the .Anarican 
Nat1.tndi.st, states 
nounced cases of acute rheumatism with en- some of the re
uIts of his observations. 
tire success; and in another case this d['ug, One point which he has been enabJ(d to 
combined with quinine, broke up the dis- determine is the possession by the lizard:; 
case. The authm' writes that salicyJic acid of Florida of the power of "charneleoniza- 
is best given in milk; it gives the milk a tion," or of changing color. The author 
sweeti:5h-sourbh ta
te; a little tickling and states positively that the lizards of Florida 
sense of slight constriction may be felt possess this power in a remarkable degree. 
abou' the throat, and an insignificant cough Thus, he has seen a 
ma.ll, yellon bh-bro\\ n 
i.:; not uncommon. He adds: "Salicylic acid lizard, on quitting the ground, instantly as- 
is the first and only remedy that has proved sume the dull gray-hue of a weather-beaten 
itself at all reliable in the control of acute fence-rail, along which it glided. Pa
sing 
rheumati:;m in my hands. Salicylate of under some olive-tinted foliage, it n(xt 
'soda has shown no superiority over salicylic I adopted that color, '\\ hich was succeeded 
acid." by a bright green, as the animal reached 
I and rested under the gl'a.s and le"
es of 
Xotes on Flsh-
n1tnre.-The one great like shade. The original yellowish-brown 
d ' ffi It t . th ' h t h . th t . d I color was again assumed on the lizard re- 
I cu y me WI III a c mg e s rIpe . . 
b . d . t . t II ' t turnmg to the ground. Each of these 
ass 1;" accor Illg 0 an III e Igen cor- . 
d t f v t d St th l' t changes was almost Illstantaneous, and the 
respon en 0 .I.'ores an ream, e .lac . . . 
th t t ' th " I entIre serIes could not have occupJCd much 
a spawners 0 IS speCIes are very rare v 
L' d Ab t fi . W more than one-quarter of a minute of time. 
Joun . ou our years ago, we are Ill- 
formed, a few ripe" rock-fbh "(striped bass) 
were found in the Roanoke River, North 
Carolina, and about 100,000 young fish were 
hatched from their spawn. One reason 
assigned for the diminution of this fish is 
the fact that they are marketed before they 
reach maturity. Prof. Baird favors the 
enactment of a law prohibitng the marketing 
of these fish when less than twelve inches 
long. Striped bass frequently attain a weight 
of sixty and eighty pounds; and it has been 
held that they do not spawn until they 
attain a weight of about twenty pounds. 
The same correspondent cites, as an evi- 
dence of the success of salmon-propagation, 
the recent capture of a nine.pound salmon 
in the Delaware. The fish was a California 
s3.Imon-a variety with which the Delaware, 
Potomac, Susquehanna, and other rivers, 
were supplied a few Jears ago. It is s
p- 
poseù they return in five or six years, 
though difference in the temperature of 
the "ateI', currents, and other conditions, 
may accelerate or retard the return. Over 
400,000 eggs of California salmon were 
shipped Ia::;t fan to X ew Zealand," here 
they nearly all arrived in e"\:ccllent condi- 
tion. 


International Stientifie S{\rfice.-Of Prof. 
Grote's paper, mentioned in our Octoher 
number, on an International Scientific Con- 
gress, and read at the lueeting of the Ameri- 
can Association, we find a very good ah:5tract 
in the Polytechnic Review, from whkh jour- 
nal we quote the e
sential points of the 
paper. The author referred to the excel- 
lent work done by national scientific asso- 
ciations, such as the British _\ssociation and 
the American .Â
sociation, but said that 
there i
 urgent need of a stiIl broader or- 
ganization-of an international congress of 
scientific men. Foremost among the prob- 
lems which Science is EltrÏ\ iug to solve is 
that of the origin of our species. The elu- 
cidation of this question concerns the whole 
race, and no merely national organization 
po
sesses the means of exploring the whole 
field. Then, the yarious scientitic explora- 
tions in .Africa, Australia, and the polar 
regions, need coöperative a
5istance to 
realize the best results from the outlays, 
while the new knowledge the) bring is the 
common inheritance of all enlightened na- 
tions. Kow, where all participate all ::;hould 
contribute. Prof. Grotc's plan of an inter- 
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national scientific service contemplates the 
appointment of commissionerB by the civil 
governments of the world. The delibera- 
tions of this body " would be the wisdom of 
the age; its recommendations would be re- 
spected by the legislative powers of the 
consenting and represented nations. L nder 
its auspices aU extra-limital astronomical, 
geological, and biological expenditures would 
be fitted out, and directed to those places 
which would be most fruitful for any par- 
ticular purpose. The difference in the men- 
tal faculties between different nations would 
prevent the loss in such a body of any pos- 
sible suggestion which the human mind 
could offer." 
At the same meeting a paper was read 
by Profs. Grote and Pitt on new fossils in 
the collection of the Buffalo Society of N at- 
ural Sciences, from the water-line group. 
The free ramus of the {'helate appendage of 
Pterygotlls Cummingsi (G. and P.) was de- 
scribed by the aid of drawings. The crab- 
like animal was over five feet in length, and 
lived in the 
hallow waters of the Silurian 
!;ea where Buffalo now stands. Its remains 
were deposited in the sedimentary lime-beds 
which are now being worked for manufact- 
uring purposes. 


oecur at various localities in a storm-area. 
This fact suggests that dul'ing the progress 
of a storm there occur local causes of great 
precipitation. 
The tables show that heavy rainfalls 
are not of long duration over extended 
areas, and the conclusion from this fact is, 
that the causes which produce rain do not 
increase in force from the rainfall, but di- 
minish and become exhausted. This re- 
suIt cannot be attributed to a want of sup- 
ply of vapor, as the inflowing winds contin- 
ually carry vapor into the storm-area; and 
this is especially true in the case of storms 
moving along- the Atlantic border. 'Vhat 
seems to be implied is, that an exhaustion 
occurs of the forces which impart that move- 
ment to the air requisite to precipitation. 
The centre of great rain-areas occurs 
along the Atlantic border four times more 
frequently than inland, nor is this general 
fact changed in the region of the Great 
Lakes. Y cry extensive rainfalls are most 
frequent in autumn and winter, and occur 
most frequently in mornings and afternoons, 
and are least frequent during evenings, the 
difference in this respect being \ery marked. 
It is observed, too, that the" heaviest rain- 
falls are seldom accompanied by very high 
winds. " 
Prof. Loomb on Rain _ Areas. _ The " There seems," 
ays Prof. Loomis, "no 
American Jow.nal of Science for July con- room to d.oubt th
t areas of low barometer 
tains the seventh paper of a series by Prof. occur durmg perIOds of twenty-four hours 
Loomis, in which he investigates the phe- I with little. or no rain, and tr
vel nearly 
nomena of storms their oriO'in develo p - eastward wIth an average yeloCIty of about 
, 0 , t t"1 h " F 1 . f: . 
ment and movements. It was shown in a wen y lil es an our. rom t lIS act It 
previ
u
 paper that the form of 
 rain-area, is concluded .that rainfall is not essential 
that is, of a storm moving over the country, to t
e formatlOn 
f 
reas of low baro
eter, 
is usually elliptical: this elongated form is and .IS not the prmc
pal cause ?f theIr 
or- 
more obvious in storms which move along matIon nor of. theIr progressive '
lot
on. 
the coast than in those which move farther The barometer IS frequently low rlurmg the 
inland. The area of low barometer in a hazy weather of October, when the Indian 
storm is not at the centre of greatest rainfall. su
mer prevails, a period usually of little 
Sometimes the rain eentre is northward, or ram fall. 
southward, or eastward, or westward, of the 
area of low barometer. Korth of latitude 
36 0 the distance of the area of greatest 
rainfall from the centre of low pressure is 
in a majo1'Íty of cases less than 250 miles, 
but in some instances three times that dis- 
tance, the average being 300 miles. 'Vhen 
extensive rainfalls occur there is a marked 
tendency to the formation of several cen- 
tres of precipitation, and heavy rains may 


Taste-Perrel)tious.-.An interesting in- 
quiry has been made by Yintschgau and 
Röingschmied to determine bow much time 
is requisite to perceive different taste-sen- 
sations. We ha\e already, in X o. 39 of 
the ]úOXTHLY, giyen the results obtained 
by the
e investigators in thei l' earlier re- 
searches; but since then they ha.ve studied 
the subject more thoroughly, attacking 
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more complex problems, as will be seen 
from the following account of their labors, 
which we take from the En!Jlisl
 Jfeclwnic. 
In these experiments by pressure of a brush 
saturated with a cOIlc{'ntrated solution of 
a savory substance on the tongue, an elec- 
tl'ic circuit was closed, which was only 
opened by the person when he made a sig- 
nal on first perceiving the taste. The time 
during which the current flowed was marked 
by a rotating cylinder, and represented the 
" reaction-time)) of a given taste. First, 
tbe "reaction-time" of four different sub- 
stances was ascertained. This experiment 
was then so modified that not merely the An rnd
rgronnd Pneumatie (')otl-Rt"g- 
sensation of taste had to be answered to, nJator.-The inhabitants of modern cities 
but the tongue of the person was touched who are accustomed to receive their sup- 
now with water, now with a savory solution, ply of water and illuminating f!as through 
without his knowing beforehand which was pipes laid under the streets, and who are 
to be applied; he had to decide which had prepared to welcome the introduction of 
touched his tongue, and gave the signal a system of steam _ heating on a large 
only wh
n it wag t
le savory matter. In a scale, will next "get the time of day" 
final serIes of experIments there were always I from underground pipes. A plan of reg- 
two savor
 substances used: when the. per- ulating clocks by means of compres
ed 
SOIl perceIved the one, he gave the sIgnal I air has been devised by an Austrian en. 
with one hand; when he perceived the gineel' named 
Iayrhofer. Its principle 
other, with the other hand. Here the per- will be understood from the following de- 
son had not only to perceive the sensation, scription, which we take from the Boston 
Lut to distinguish the one t
ste fro
 the Journal of Cltcmist1'Y: In the first place, 
other, and then to make the right chOIce of tubes are laid to convey compressed air from 
the hand to give the signal. The results a central station, in wbich is the "master- 
are stated in the table below, where the clol'k." .A simple contrivance, connected 
first vertical series gives the names of the with the tubes and the clock, lets off a puff 
savory substances; the second, the time in of air every minute or half-minute, and the 
seconds between the application of the sub. fingers of all the clocks ill the sY:5tem are in 
stance and giving of the signal; the third, that manner pushed forward with unerring 
the reaction-time when the savory 
ubstance accuracy, in accordance with the time im1i- 
was applied interchangeably with water, and cated by the standard timepieces in the 
must be distillguh;hed from this; the fourth, obsen"atory, so that exact uniformity can 
fifth, sixth, ani) seventh, tÞe reaction-time in be maintained without difficulty in the time 
comparison with common salt, acid, sugar, shown on any number of dials. The weather 
and quinine, re
p('ctively: has no effect on the air, so far as the work- 
s' ) COMPARISON WITII jng of the pneumatic clocks is concerned, 
Qensa I I I and, be it hot or be it cold, the little vaIn"' 
BT:'
;" .:::.
 Wat". Sa"" Add" SogB. Qwnin. lets off its puff of air, and the clocks go 
C'omm'n accurately, in defiance of atlUospherical in. 
salt...\O.1:ífl..;O.276G ......IO.333SI0.337R0.4
O-l- flucnces. A small yearly charg(' is made 
Af'id.... O.lftjlìO.331fiO)n-t9 ...... O.4-0F;1I0.4n
16 
Su!!ar... 1 0 . t6:
!1 ().:
-..,-tO O)
6..;
 0.4
73 ...... 0.422! for the clocl\:s, and there is no furtber ex- 
Quinine. 0.2HI60.4129 0.43SR 0.5005 0.4210 ...... I b 
pense or trouhle. The system las cen in 
operation in Vienna for nearly four month
, 
and has worked without a solitary hitch, fIoO 
that the people are b('ginnin
 to realize the 
idea that time can be" laid on J) in their 
hou:5es as readilJ as cithel' water or gas. 


" If we take as a basis," say the authors, 
"the reaction-times when the tongue wag 
touched with a savory substance alonc, and 
compare therewith the reaction-times which 
T';cre ohtainrd in the experiments whcther 
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with water, or with anotlJCr savory sub- 
stance, we find that the folIo" illg law gen- 
erally holds: If we experiment with dislillcd 
water and a savory substance, or inter- 
changeably with two savory substances on 
the tongue-tip, then the time of r('co
nition 
of the one (in experiments with water), or 
of the two (in expel'iments with savory sub- 
stances), is longer, the longer the reaction- 
time of one of tl1e savory substance:; on sim- 
ple application." The converse of this law, 
however (which is only in general valid), 
does not hold good. 
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Loral Temperatnr('
 of tIle Blood.- 
From researches made by Claude Bernard, 
it appears that while the temperature of 
the l>lood in the aorta and its more impor- 
tant branches is uniform, that of the venous 
blood varies considerably in different re- 
gions of the inferior vena cava and its prin- 
cipal triLutaries. At the junction of the ex- 
tremities and the neck with the trunk of 
the bod y, the venous blood is colder than 
that in the great arteries; in the right heart 
it is considerably hotter. If we determine 
its temperature at successive points in the 
inferior ca,-a, we find that at the junction 
of the iliac veins this is lower than the ar- 
terial temperature: on a level with the en- 
trance of the renal yeins, the two are about 
equal; on a level with the hepatic veins, 
the temperature of the venous exceeds that 
of the arterial blood by nine-tenths of a 
degree. It retains this superiority even 
after it has become mixed in the right heart 
with the coMer blood returned through the 
superior cava. Accordingly, though the 
venous blood of the peripheral parts is 
colder than in the arteries, it acquires suffi- 
cient beat during its passage through the 
abdominal cavity, not merely to equalize 
the difference, but actually to give it a per- 
manent advantage. This is so, not because 
the viscera are the source of animal heat, 
but simply because they are by their situ- 
ation protected from the effects of radiation 
and evaporation. Heat is generated in all 
the tissues, muscles, ner\"es, nerve-centres, 
and 
lands. The rise of temperature, which 
may always be detected in a muscle when 
thrown into a state of contraction, is in- 
variably preceded by a slight depression; 
and precisely the same phenomenon is ex- 
hibited by a gland when its secretory nerve 
is stimulated. 


with a layer of aluminium, which takes a 
good polh;h. The double chloride of mag- 
nesium and ammonium in an aqueous solu- 
tion is readily decomposed by the battefY, 
gi\"ing in a few minutes strongly-adherent 
and homogeneous deposits of magnesium 
on a sheet of copper. It polishes readily. 
The battery must be powerful. Cadmium is 
best deposited from the bromide to which 
a little Bulphuric acid has been added; it 
is then very coherent and very white, and 
takes a fine polish. The sulphate, if acid- 
ulated, also gives an immediate depos:t of 
metallic cadmium, very adhesive and capa- 
ble of a good 'polish. Bismuth is deposited 
from a solution of the double chloride of 
bismuth aud ammonium on copper or brass 
by the current from a Bunsen element; it 
is very adhesive, and might be used in dec- 
orating works of art. Antimony can be 
deposited from a solution of the double 
chloride of antimony and ammonium at 
common temperatures. Deposits of palla- 
dium are obtained" ith ease by means of 
the douhle chloride of palladium anù am- 
monium, either with or without the battery. 
The solution must be perfectly neutral. 


Sew JIetbod of Artifidal Respiratio:r.- 
Dr. Benjamin Howard, late of the Long I
l- 
and )Iedical College, recently gave at King's 
College Hospital, London, a demonstration 
of his" direct method" of producing arti- 
ficial respiration. For the purpose of mak- 
ing his description of the method perfectly 
plain, Dr. Howard had a man to act the part. 
of a person rescued from the "Water, and 
apparently dead from drowning. The first 
thing done was to rip away the wet clothing 
to the waist, making of it a large, firm bol- 
ster. "Quickly turning -the face down- 
ward," said he, as he procepded to explain 
the process, " the bolster beneath the epi- 
EIedro-Plating. - We take from Yan gastrium, making that the highest point, 
Xostrand's Engineering .11Ia[/azine the fol- the mouth the lowest; placing both hands 
lowing statement of the results obtained by on his back immediately above tbe bolster, 
Bertrand in experiments in electro-plating my whole weight is thrown forcibly forward, 
with aluminium, magnesium, cadmium, bis- compressing the stomach and lower part of 
mutþ, antimony, and palladium. Alumin- the chest between my hands and the bolster 
ium was deposited on decomposing, with a for a few seconds, two or three times, with 
strong battery a solution of the double very ::;hort intervah:." Thus the lungs are 
chloride of aluminium and ammonium; a rclieyed of water and the stomach en.ptied. 
plate of copper forming the negath e pole Then" quickly turn the patient on his back, 
'f'ìhittns gradually, and becomes coyercd , the bolster again maldng the epigastrium 
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and anterior margins of the costal cartilages spaces from the knuckles to the first joint 
the highest point of the body, the shoul- of the finger are united by a membrane, 
del's and occiput barely resting on the and become practically a continuation of 
ground. Seize the patient's wrists, and, the palm. The gorilla, too, uses its hand 
having secured the utmost possible exten- much morc as a foot than as a hand. "The 
!::lion of them behind his bead, hold them fast thumb of the foot," be adds, "has great 
to the ground with your left band. "'lth a powers of prehension; indeed, it may be 
dry pocket-handkerchief between the right said that the thumb proper is carried on t11e 
thumb and forefinger withdl'aW the tongue, foot. The gorilla has no calf to the le::r, 
holding it at the extreme right corner of the and no biceps in the forearm: he cannot 
mouth. If a boy be at hand, both wrists stand upright without supporting himself by 
and tongue may be confided to his care. means of some object. The back of the 
In this position two-thirds of the entrance goriJ1a is almost square, something after the 
to the mouth is free and the tongue is im- form of the fill! saùdle useù in equestrian 
movably fixed forward; the epiglottis is pre- feats in circuses. The cause of this is, that 
eluded from pressure and partial closure; the ribs come close down on the top of the 
the he'td is dependent; the free margins of hip-bone." So far as Mr. Buckland has 
the costal cartilages are prominent, and been able to learn, the gorilla does not use 
there is a high degree of fixed thoracic ex- a stick for the purpose of striking, neither 
pansioll. The epigastrium being highest, does he ever stril\:e witI) his hands. Two 
the movements of the diaphragm are not chiklren, a boy and a girJ, were permitted 
embarrassed by the abdominal viscera. to play with Pongo, and as Mr. Buckland 
"To produce respiration, you kneel looked on he "could not help seeing what 
astride the patient's hips, rest the ball of a vast line the Creator had drawn between 
each thumb on the corresponding costoxy- them." Our author concludes by saying that 
phoid 1igaments, the fingers falling into the Pongo's structure and manners confirm tbe 
lower intercostal spaces; now, resting your idea that Darwin is wrong, and that human 
elbows against your sides, and using your beings are not monkeys. This doctdne of 
knees as a pivot, throw the whole weight of I the identity of man and monkey gives Mr. 
your body slowly and steadily forward until Buckland a great deal of trouble, and from 
Jour mouth nearly touches that of the pa- the vehemence with which he combats it 
tient, and while you slowly count three; l one i:; led to suppose that it must be pre va- 
then suddenly spring back to your first po- lent in England. It, is a little strange, how- 
sition on your kne
s, remain there while you ) ever, that the adepts of this vile heresy 
Inight slowly 
ount two; t
en repe
t, and I have contrived to ma
k their 
eachings, f?r 
so on about eIght or ten tunes a mmute." we bave not seen thIS doctrme upheld 1Il 
The acting patient at the very first steps of I any of the publications of the day. 
rr. 
the process gasped involuntarily, and as it Buckland asks: "'Yhy not rest satisfied 
was continued he came more and more un- with the origin of our race thus revealed to 
del' the control of the operator. After the us by the great Creator himsdf?-' So God 
operation had ceased, t1lCre were visible created man in his own il11a
e, and in the 
succe

ive waves of involuntary respiration image of God created he him; male and 
which the" patient" could not control. female created be them.' " 


Frank ßurkland on tbe ßnlin Corilla.- 
"Mr. Frank Buckland bas made a visit to 
"Pongo," the young gorilla at t.he 'Yest- 
miuster Aquarium, and observed with much 
pleasure the many great differences between 
monkey and man. First he notes the hands 
of the 
orilla.: the thumb, he observes, is 
exceedingly short, and "cannot be m
ed 
with anything ìike the facility as in tbe hu- 
man subject." Then, in the gori11a, the 


Topographiral SurfeYs and lIea1tII.- 

h. James T. Gardner deli,"cred, at the Bos- 
ton meeting of the Public Health .\.ssocia- 
tion, an add I'ess on the" Relation between 
Topographical 8urve
's and the Study of 
Public Hcalth," which abounds in suggc
- 
tions of the highest practical importance. 
As an illustration of the author's mode of 
enfol'dn
 his argum('nt
, w(' may take his 
remarks on "natural drainage." "This," \\"0 
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are informed, "rcsults from combined ac- I 
tion of configuration, character of soil, con- 
stitution of underlying rock, and the form 
of its surface. These four clemcnts regu- 
late natural drainage. Each must present 
favorable conditions, or deadly waters will 
accumulate on the surface or in hidden 
strata. No plan of w-tific'ial dl'ainfl[Je can 
be completely successful unless based on a 
thorough comprehension of the natu'l"al drain- 
a.qe system of the area undeï- treatment. The 
region above the Palisades on the Hudson 
furnishes excellent illustration of these 
statements. The plateau fronts the river 
eastward with a bluff 300 feet high, and 
westward slopes gently to the Hackensack 
Yalley. . . . All topographical conditions of 
unusual health seem here present, and Jet 
malarial diseases abound. The reason of 
this will probably be found in the configu- 
ration of the rock. The dense basalt under- 
lying the thin soil absorbs almost no water. 
Its surface, originally nearly level, was worn 
by glacial action into low, swelling ridges 
and shallow rock-basins, many of which, 
having no outlet, hold stagnant water as 
great saucers would. If the rock were 
either fissured or porous the height of the 
plateau would insure perfcct under-drain- 
age. " 
""lth the Palisades plateau the author 
I10W contrasts the Helderberg plateau, also 
sit
ated near the Hudson River. Here," an 
escarpment 1,000 feet high bounds, on the 
eastern side, the table-land, composed of hor- 
izontal limestone resting on shales. From 
the more level parts water does not pass off 
by surface-streams. Low undulations di- 
vide these areas into many separate basins, 
cach draining toward its own centrc, where 
a funnel-shaped opening in the limestone 
rcceives the disappearing flow, whose future 
course is subterranean. These basins are 
from a few acres to 300 or 400 in extent. 
\Vhen one covers about five square miles a . 
pond is formed at the point of central drain- 
age, finding outlet through fissures of the 
limestone below. The plateau's elev
tion 
insures that these waters sink at once many 
hundred feet, or escape in springs along the 
cliff:::;." Mr. Gardner then proceeds to show 
how-as at Sandusli:y, Ohio-this same Hel- 
derber
 limestone may, unde1' different to- 
pog1'aplâcal conditions, become one of the 
most powerful producers of disease. 


A Formidable Ararlmidall.-Dr. B. F. 
Pope, U. S. A., contributes to 
F'orest and 
Stream some valuable "K otes on the N atu- 
ral History of Southwestern Texas," from 
which we take the following account of the 
" vinagrone " (big vine[Jar, so called on ac- 
count of the pungent secretion it ejects), an 
arachnidan found in the vicinity of Fort 
Stockton. In general appearance it resem- 
bles a large scorpion, though belonging to 
a different family. From the head to the 
commencement of the tail the adult vina- 
grone is full two inches long; in breadtl\ it 
measures about three-quarters of an inch. 
The thorax and bead are amalgamated, 
while the thorax and abdomen are separated 
by flexible tissue. Thc legs are six in num- 
ber, all attached to the thorax. The trunk 
and head are protected by a single dorsal 
plate; the abdomen has sixteen distinct 
dorsal and ventral laminæ, which overlap; 
they would form continuous rings, were it 
not that they are curiously separated later- 
ally by elastic tissue. This division of the 
abdominal rings affords considerable flexi- 
bility, and gives the insect the appearance 
of bearing about him an old-fashioned bel- 
lows. From the terminal, dorsal, and ven- 
tral plates is given off a series of rings, 
which, after the third one, are fused into a 
stiff spike or tail, that is usually three-fifths 
of the length of the entire bod}', and cov- 
ered with short bristles like the legs. This 
is not a sting, nor does it seem to be the 
duct through which the secretion is ejected. 
It appears to be used principally as a pos- 
terior feeler, and sometimes as an aid to 
locomotion. 
From the head are given off two power- 
ful brachials, each having four articulations. 
They resemble the arms of a scorpion, and 
terminate in sharply-curved pincers. The 
threateninf!' manner in which they are openpd 
and stretched out, when the insect is enraged 
or is seeking for its prey, almost makes one 
shudder. But the brachia are not its only 
means of offense. Beneath the frontal plate . 
are two long, incurvated fangs. Connected 
with these are two sacs, that, by pressure, ex- 
ude drops of greenish liquid over the fangs, 
and in them undoubtedly resides the true 
venom of the insect. 
Of the bite of this animal the author 
writes: "We have no good proof that the 
bite of the vinagrone would be fatal to man, 
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except perhaps as it might be !:1upplemented 
by tbe shock of an exces::;ive terror; but 
that it would be dangerous I think highly 
probaLle. As an experiment, I confined 
two of them in a small box with a large 
bat. The next morning the bat was dead, 
having been killed by them during the night, 
when it i::; supposed to be most agile and 
wary. I placed another unsavory specimen 
in a large bottle, in company with a large 
wasp and a tarantula. The vinagrone killed 
and devoured them both in short order." 
In a later number of the same journal 
Dr. H. C. Yarrow writes that the vinagrone 
is quite well known to entomologists under 
the name of Tlwlyplwnu8 giganteus, and 
that it is common in New:Mexico and Ari- 
zona. 


The Srandal of the Seal-}jshery.-Unle
s 
the governments of the countries which 
send out ships to the seal-fishery grounds 
speedily put some restrictions on the meth- 
od now pursued, there will before long 
be no seals. In 1868 Dr. Robert Brown 
expressed his belief that, "supposing the 
sealing prosecuted with the same vigor as 
at present, before thirty years shall have 
passed away the seal-fishery, as a source of 
commerical revenue, will have come to a 
close.') The Greenland seal-fishery is al- 
ready U practically used up)) and the sealers 
are now turning their attention to the coast 
of Newfoundland. A writer in Nafure cites 
the London Daily jI,
elL'8, to show what 
slaughter is made of the X ewfoundland 
seals, anel we learn that in one season four 
vessels secured 89,000 scals. To this add 
a like number of young ones left to die of 
starvation, and twenty per cent. as many 
mortally wounded and lost, and the ag- 
gregate amounts to over 200,000 seals 1 The 
writer in J.Yaflll'e suggests this subject of 
the destruction of the seal as a fitting one 
to occupy tllC minds of the advocates of 
the anti-,'ivisl'ction laws, and the Society 
for the Prcvention of Cruelty to Animals. 


Thp Bnndln
-Ston('s of St. Lawrenee 
fonnty, l\'pw York.-From a statement by 
Mr. D. Minthorn, puhlished in the Enginccr- 
in,q and ..JfiniJ1[1 J01l1'nrrl, it appears that in 
the northern portion of tbe State of K f'W 
York may be found in abundance all the 
choicest varieties of marbles, granites, and 
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other buildillg-stone
. llc:-iùes the com- 
mon gray gneiss, he enumerates among the 
building-stones of St. Lawrence County 
several varieties, Euch as syenitic granite, 
many New England granites, a deep-grc('n 
granite " mottled like the pedestals of 
Cheops." Then there are yariou5 pink, 
green, and dark-red porphyritic granite
; 
and finally there are large masses of ycry 
compact gray and green granite, studùeù 
with garnets about half an inch apart. The 
varieties of marblcs are very numerous, 
ranging from white limestone and dolomite 
and statuary marble to straw-colored, blue, 
dmb, brown, blacli:, yellow, and red yari- 
egated marbles; verd-antique also is rep- 
resented; indeed, Yr. 
1inthorn is prepared 
to match any of the antique marbles" ith 
the products of the St. Lawrence County 
quarries. Adjoining the statuary-marblc 
quarry is a deposit consisting partly of pa- 
godite or Chinese figure-stone, and possess- 
ing sufficient hardness to take a polish, 
while at the same time it does not .\ chip 
out" when chiseled in sharp lines. 


NOTES. 


"TE have receiveù from Conrad 
IeYer 
& 80ns, of Philadelphia, a correction of the 
statement made by Mr. S. A usten Pierce, 
in our October number, that Jonas Cbiclwr- 
ing in lti37 "conceived the bold idl'a of 
constructing a [pianoforte] frame entirely 
of iron." The :Messrs. )leyer now cite the 
official\! report" of the jury of the Franklin 
Institute Exhibition of 1833, which nwntions 
"an iron-framed square piano" exhibited 
by Conraù :Meyer. Other testimony to the 
same effect is quoted Ly thc :Messrs. 
Ie}-er, 
who appear to make out a clear case of 
priority of invention. Having admitted tb.is 
correction, we can afford no more spa
e 111 
the columns of the MO:XTIIL y for the plano- 
frame controversy. 
'YE haye received from Mr. E. Rerliner, 
'Yashington a circular, "ith drawings, gÏ\'- 
inO' an aeco'unt of certain of the author':5 
di
coveries and inventions in cleetricit
. 
These are a contact t('lcphone, an cledl'i
- 
spark telephonc, anù a method of tclephol11c 
transfer. 
AT Xcw Cnmberlanrl, ""est Yirginia, a 
fountain of natural gas i
 utili7cd for l11alll
- 
facturing fire-brick. Thi
, Fa
-s thc. .Amc1"1- 
can l1Iam
f(7dllN'1", is the first fire-lm.l'k ever 
burned without wood or coal. FlftJ-five 
thousand bricks are made daily in nine 
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kilns. The gas furthermore supplies fuel 
for three engincs, ten furnaces ill the dry- 
ing-house, antI 8e\"eral dwelling:::;-the latter 
obtaining in thi::; way both light and hcat. 
There remains withal a large surplus of 
gas, which is unused, except from the top 
of an e::5cape-pipe, for illuminating the coun- 
try around. 
THE ....Yatiot" is authority for the state- 
ment that the office of Director of the In- 
ternational Bure
u of \Veights and Measures 
in Paris has been otfel'eù to Prof. J. E. Hil- 
gard, of the Dlliteù 
tates Coast SUlTey. 
DIED, at Bonn, on September 13th, at the 
age of eighty-nine years, Jakob Nöggerath, 
for about fifty :rears Profe::!::5or of DIinemlo- 
gy in thp univer
ity of that town. The de- 
ceased wa::. a mO::5t a:::;siùuous student of 
mineral06Y and geology, and his contribu- 
tions to scientific literature were very vo- 
luminous. 
MR. HENRY NEWTON, geol Jgist, attached 
to Jenney'::; Black Hills Exploring Expedi- 
tion, died at Deadwood City, August ;Sth, at 
the earlv ag:e of thirty-two year5. )II'. X ew- 
ton was. a graduate of the èolumbia College 
School of JIines; later, ...\.ssistant Professor 
of Geology in the same institution; then he 
joined the Ohio Survey under Prof. N ew- 
berry; finally, two years ago, he became 
g
olo,:!;i:::;t of Prof. Jenney's Expedition to 
the Black Hill:;. 

IR. R. A. PROCTOR, in excusing himself 
for not aU6wering all the letters of inquiry 
he receives, gives the following account 
of his multifarious occupation:::;: Seeing 
through the press three uew works and four 
new editions, preparing two pamphlets, writ- 
ing one translation of an 800-page book, 
and pæparing four new workR; writing ar- 
ticles for English and AlUm'ican magazines; 
lectm.ing occilsional1y; business correspond- . 
ence with ten publishers; personal con- 
cerns; original research. 
AT a meeting of the Paris Academy of 
Sciences, a note by L. Lalim3,n was read, in 
which the author stated that he had dis- 
covereù an in
ect which preys on the Phyl- 
loxera. This insect, or rather its larva- 
for 
I. L
lliman ]lad not seen the pm'feet 
insect-:.levom's phylloxeras with great a\-id- 
ity, and the author saw as many as ninety- 
five di
appeal'in
 in the space of ten min- 
utes. The larva was found in the interstices 
of the leaf-gal1
, anù 
ometimes in the sub- 
st,lnce of the galls. M. Laliman thinks he 
has seen the e;:!g of this insect; it occurs 
on the un{lerside of the leaf; but he has 
not seen it hatched. A member of the 
Academy, 
r. ß'llbiani, remarked that the 
fact observed by Laliman is not altogether 
new. The larva. seen by him belongs to 
the gen\l
 S.llrplHu
, or to some allied &enns. 
The larvæ of ðyrplws all pre)T on Apllldes. 



\x expedition, with aims similar to tbo
e 
of the "\Y oodruff Expedition," will I:'ail 
from IIavre, France, on the 13th of June, 
1878. Thi::5 expedition will be ab
cnt frollJ 
Fra
ce for cleven months. Of this time it 
is }Jroposed to spend about six months alllI 
a half in excursions inland in America, 
North aud South, the Pacific Archipelagos, 
Australia, Japan, China, llritbh India etc. 
The cost of passage is 17,000 franc
 per 
head. 



IR.. RICHÅRD S. FLOYD, one of the tru
- 
tees of the" Lick Trust," on his return to 
California, after an extended tour of foreign 
travel, during which he collected all .tLe 
information he could \, ith regard tu tl.c 
construction of great telescopes, expre
st:ll 
his belief that the best tf.lcscope for the 
Lick Observatory would be a refractor of 
the largest size. The cost of a suitable in- 
strument, with object-glass of forty inche
, 
I would not, 11e thinks, exceed 
150,Of)O. 
I But, in addition to the great refractor, Mr. 
I Floyd would have in the obsenatory a re- 
flector about four feet ill diameter, with 
I both sih-ercd g]a8s and speculum-metal mir- 
I 1'01'8. This would cost about $20,000. 
A SERVICE of plate was recently pre- 
sented in London to Señor :Manuel Gart'ia 
" in recognition of the great services he } :JS 
rendered alike to science and humanity hy 
I his important discovery of the laryngo- 
scope. " 
ADYICES from Australia announce the 
total and suùden disappearance of a group 
I of guano-islands-the Barker Islands-situ- 
I ate ill latitude 14 0 south, and longitude 125 0 
I east, just úff the northwest coa::;t of Austra- 
lia. In April last Mr, Fi8her, a capitali:-t of 
Ta:,rnania, who had obtained from the gov- 
ernment the rip:ht of worldng the guano-dl- 
posits, visited their site with three steam- 
ship::;, but found there only a "waste of 
waters," and had to return empty. The Bar- 
ker Islands are not mentioned in the ., Im- 
perial Gazetteer," nor arc they indicated in 
the atlases. 
THERE was exported from China to 
Europe, in tbe )'ear 1875, the enormo
ls 
amount of about sixty tons of human hall'. 
This hair is ostensibly the proùúct of the 
sweeping of barber-shops, but there is little 
doubt that much of it repre::::ents " pig-tails" 
feloniously snipped from their wearers' 
heads. 
THE addition of cheese to the arm). and 
nayy ration, in part substitution for salt 
meat is adyocated by a writer in the Poly- 
tccltnic Ra'iew. The sup:gestion is a good 
one, the advantages of cheese being .
ani- 
fold: it is wllOlesome, highly nutritIOUf', 
aid:::; digestion, needs no cooking, and is 
easily handled and transported. 
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TIlE GRO'VTII OF THE STEAl\I-ENGINE..l 


By PROFESSOR R. H. THURSTON, 
OF TIlE STEVENS INSTITUTE OF TECHNOLOGY. 


III. 
THE NON-CONDENSING EKGINE, AND ITS APPLICATION IN THE 
LOCO
IOTIVE. 


45. THE" engines of 
Hero and Branca were, 
it \vill be remem hered, 
non-condensing; but th(\ 
first pIau of a non-con- 
densing cngine that 
could have heen Innde of any really practical use i
 gi,'en in the 
"TlLeatl"Uïn ,JIacldnarll1n," of J
enpold, pnbli
h('d in 1720. IIis sketch 
is copied in Fig. 23. It is stated by LcupolLl that this plan ,vas sug- 
1 An abstract of "A History of the G..owtb of the Steam-Engine," to be published 
by D. Appleton & Co. 
VOL. XII.-17 
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gested by Papin. It consists of two single-acting cylinders, r s, receiv- 
ing steam alternately from the same steam-pipe through a " four-way- 
cock," and exhausting into the atmos- 
phere. \Ve find no evidence that tljis 
engine ,vas ever built. 
\Vben, during the last century, 
the steam-engine had so far been 
perfected that the possibility of its 
application to other purposes than 
the elevation of ,vater had becorne 
generally recognized, the problenl tOf 
its adaptation to the propulsion of 
carriages was attacked by many en- 
gineers and inventors. 
As early as 1759, Dr. Robison, 
who was at the time a graduate of the 
University of Glasgo,v, and an ap- 
plicant for an assistant professorship 
there, and who had 111acle the ac- 
quaintance of the i))strument-nlaker, 
J ames 'Vatt, when visiting the ,vork- 
shop, called the attention of the 
FIG. 23.-LEUPOLD'S PAPIN ENGINE, 1720. 
latter, ,vho 'was probably then more 
ignorant of the principles of the steam-engine than was the young 
student, to the possibility of constructing a carriage to }}e driven 
by a steam-engine, thus, perhaps, setting in operation that train 
of thoughtful experiment ,vhich finally earned for \Vatt his splendid 
fame. 
46. \Vatt, at a very early period, proposed to appl y llÏs engine to 
locomotion, and contemplated using either a non-condensing engine, 
or an air-surface condenser. He actually included tIle locomotive-en- 
gine in his patent of 1784, and his assistant, J\Iurdoch, in the same 
year, made a working-model locomotive 
,vhich was capable of running at a rapid 
rate. 
This model, now deposited in the 
Patent J\Iuseum, at South I\::ensington, 
London, had a flue-boiler, and 3, "gras
- 
hopper" engine. Its steam-cylinder 
,vas three-quarters of an inch in diam- 
eter, and had t,vo inches stroke of pis- 
ton (Fig. 24). The driving-wheels were 
nine and a half inches in dianleter. It 
is reported to }la,ye run six to eight miles 
an hour, its little driving-,vheeh
 making from two hundred to t,vo 
hundred and seventy-five revolutions per minute. 
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FIG. 24.-:I\lURDOCH'S MODEL, 1784. 
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47. In 1765 that singular genius, Dr. Erasmus Darwin, whose 
celebrity was acquired by speculations in poetry aud philosophy as 
,vell as in medicine, urged l\Iatthe'\v BouJton (subsequently 'Vatt's 
partner, and just then corre
ponding \vitb our o,vn Franklin in relation 
to the use of steanl-powei)'; tà -co"n
truct a steam-carriage, or "fiery 
chariot," as he poctical1y styled 'it, and of which he sketched a set of 
plans. 
A young man, named Edgeworth, became interested in the scheme, 
and in ] 768 published a paper which had secured for him a gold 
Jnedal fronl the Society of Arts. In this paper he proposed railroads 
on which the carriages were to be drawn by horses, or by ropes frorn 
stea'tn-winding engines. 
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FIG. 25.-CUGNOT'S STEAM-CARRIAGE, 1770. 


48. These ,vere merely promising schemes, however. The first 
actual experiment was made, as is supposed, by a French army officer, 
Nicolas Joseph Cugnot, who in 1769 built a steatn-carriage (Fig. 25), 
which ,vas set at ,vork in presence of the Ji--'rench 
linister of vVar, 
the' Duke de Choiseul. The funds required by him were furnished Ly 
the COlnte de Saxe. Encouraged by the partial success of the first 
10c01notiye, Cugnot, in 1770, constructed a 
second which is still preserved in the Con- 
servatoire des Arts et l1Iétiers, Paris. This 
more powerful carriage (Fig. 25) was fitted 
with two non-condensing single-acting cylin- 
ders, thirteen inches in diameter. Although 
the experiment seems to have been successful, 
there appears to have been nothing ITIOre done 
with it. 
An American of considerable òistinction, 
Nathan l{ead,patented a steam-carriage, 17nO, 1 
of the form seen in Fier. 26 which is C'o p ied 

 , 
froln his patent. The cylinders F F lie A 
under the bod y of the carriaere. the P istons 

 , 
E .If'Y drive racks B G, which turn the wheels 
.L1 Ie. The steering-wheel I nloves the large wheels A It, \vlJich .lat- 
1 "Nathan Read and his Steam-Engine." New York: Hurd & Houghton, 1870. 
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FIG. 26.-READ'S 
TEA.M. 
CARRIAGE, 1790. 
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ter, turning, carries the engines about with it. It is an ingenious and 
c nrious device. 
49. ,. To Oliver Evans," says Dr. Ernest Alban/ the learned Ger- 
man engineer, "was it reserved to sho.w the true value of a long-known 
I)rincip1e, and to establish thereon a new and more simple method of 
applying the power of steam-a method tbat ,viH remain an eternal 
n1eInorial to its introducers." Dr. Alban here refers to thf\ earliest 
successful introduction of the non-condensing high-pressure steam- 
engIne. 
Oliver Evans, one of the most ingenious mechanics that America 
has ever produced, was born at Newport, Delaware, in 1755 or 1456, 
the son of people in yery humble circumstance
. 
lIe ,vas, in his youth, apprenticed to a wbcehvright, and soon 
exhibited great mechanical talent and a strong desire to acquire 
kno,vledge. 
IIis attention "
as at an early period drawn to this })ossiblc appli- 
cation of the power of steam to useful}HlrpOSes by a boyish })rank. 
Placing a small quantity of "'ateI' in a gun-barrel, and ramn1Íng down 
a tight wad, he put the barrel in the fire of a blacksmith's forge. 
The loud report ,vhich accompanied tIle expulsion of the wad 'was an 
evidence to young Evans of the great, and, as l)c bupposed, previously 
undiscovered power of steam. 
Subsequently, meeting ,vith a description of a K e,ycomen elJgine, 
he at once noticed that the elastic force of confined steam was not 
there utilized. 
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FIG. 21.-0LIVER EVANS'S EKGI
E. 1800. 


fIe then designed the non-condensing engine, in which the })ower 
.was derived exclusively fron1 the tension of high-pressure steam, and 
proposed its application to the propulsion of carriages. 
50. About the year 1780 Evans joined his brothers, who ".ere 
millers by occupation, and at once enlployed his inventi\"e talent in 
1 "The High-Pressure Engine investigated," Dr. Ernest Alban, Loudon, 1847. 
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improving the details of nÜll-,vork, and ,vith such success as to 
reduce the cost of attenùance one-half, and abo to increase the fine- 
ness of the flour made. 
In 1785 he applied for, but was refused, a patent for a steaul- 
carrIage. 
In 1800 or 1801, Evans, after consulting ,vith Prof. Robert Patter- 
son, of the University of Pennsylvania, and getting his approval 
of the plans, cOInnlencect the construction of a steam-carriage, to be 
driven by a non-condensing engine. 
He soon concluded, however, that it would be a better scheme, 
pecuniarily, to adapt 11Îs engine, ,vhich ,vas novel in form and of 
small first cost, to driving n1Ïlls; and he accordingly changed his 
plans, and built an engine of six inches diameter of cylinder and 
eighteen inches .stroke of piston, which he applied with perfect bUC- 
cess to driviug a plaster mill. 
51. This engine (Fig. 
7), ,vhich he called the" Columbian engine," 
,vaR of a peculiar form. 
The beam is supported at one end by a rocking column; at the 
other it is attached directly to the piston-rod, while the crank lies 
heneath the beam, the connecting-rod being attached to the latter at 
about the nliddle point. 
The head of the piston-rod is compelled to rise and fall in a ver- 
tical line by the" Evans parallelogram," a kind of parallel motioll 
very similar to one of those designed by 'Vatt. 
52. Subsequently, Evans continued to extend the application of 
his engine and to perfe
t its details, and, others following in his track, 
the non-condensing engine is to-day fulfilling the predictions 'which 
he lnade seventy years ago, \vhen he said: 


"I have no doubt that my engine will propel boats against the currents of 
the )Iissis
ippi, and wagons on turnpike-roads, with great profit. . . . 
"The time wiU come when people will travel in stages moved by stèam- 
engines, fronl one city to another, almost as fast as l>irds can fly:-fiftel'n or 
twenty miles an hour. A carriage will start from Washington in the morning, 
the passengers will breakfast at Baltimore, dine at Philadelphia, and sup at 
Xcw York the same day. . . . 
"Engines will drive boats ten or twelve miles an hour, and there ,,-ill be 
hundreds of steamers running on the :Mississippi, as predicted years ago." 


53. In 1804 Olivf>r E\"ans con1pleted a flat-bottomed boat (Fi
. 28), 
to bo used at the Philadelphia docks, and, mounting it upon ,vheel
, 
drew it b y its own steam,encrine to the river-bank. Lauuchincr the 
ö ö 
craft, he propelled it J.o\vn the river, using its 
team-engine to drive 
its paddle-,vhecls. Evans's" oructo'J O aniphibolis," as he namell the 
lllachine, was the first road-locomotive that ,ve find descrihed after 
Cng-not's tÍInf>. Evans asserted that carriagcs propelled hy 
teanl 
,vonld soon be ill C0l1n110n use; and offered a ,vager of three ]lll1Hlred 
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donars that he could build a "steam-wagon" that should excel In 
speed the swiftest horse that could be matched against it. 
Evans's connection with steam-navigation will be referred to 
,yhen considering that subject. 



 -, 
B 


_:==
::-:: 

 
- - 
-- - 


FIG, 
8.-" ÛRUCTOR AMPHIBOLlS," 1804. 


To this brief sketch of Eyans's inventions it can only be added 
that he devised the flne-boiler, no,v generally called the Cornish, and 
used it to furnish steanl to his engines. 
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RICHARD TREVITHICK. 


54. The earliest non-condensing engine brought into use in Great 
Britain seems to have been constructed by Richard Trevithick and 
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Andre,v 'Vlvian in 1802. It is stated, hy fri(lr..ds of Oli ,'cr Evans, 
that he had, at an earlier date, sent 
lr. John Sampson to England, 
and, by him, had forwarded drawings and specifications, ,vhich 
Trevithick and 'Vivian inspected, and to ,vhich, it is not iInprohablc, 
they may have been indebted for their plans. ' 
They used a non-condensing, return connecting-rod engine, and 
carried as high as sixty to eighty pounds of steam. 
They built a locomotive-engine in 1804 (Fig. 29), for the railway 
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FIG. 29.-TREVITHICK'S LOCOMOTIVE, 1804. 


at l\Ierthyr- Tyd viI, in South "Tales, ,vhich was quite successful, 
although sometimes giving trouble by slipping its wheels. 
This engine had one steam-cylinder 4ï inches dianleter, and car- 
ried forty pounds steam. . 
In consequence of a fear of the wheel slipping, Blenkinsop enl- 
ployed, in 1811, a pinion on tbe locolllotive sllaft, gearing into a rack 
on the road-bed. 
In 1812 Brunton, of Buttcrly, tried to introduce a locomotiye-en- 
gine propelled by levers, like an anÍ1nal's legs, l)ushing 1}e11ind; and 
just at this time mechanics, a1] over the ,yodel, seenl to have become 
very much interested in this prohlen1. 
55. It is at ahont this period that w'e find eyidcnc
 of the intelli- 
gent lahors of another of our countrymen-onc who, in consequence 
of the unobtrnsiye manner in which his work was done, has never 
received the full credit to which he is entitled. 
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Colonel John Stevens, of IIobokcn, as he is generally called, was 
born in the city of New York, in 1749, but, throughout his business 
life, he ,vas a resident of New Jersey. 
He )\?as undoubtedly the greatest engineer ana naval architect 
living at the beginning of the present century. 
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J aHN STEVENS. 


"Tithout having made anyone superlatively great improvement in 
the mechanism of the Rtealn-engine, like that which gave ".,.. att his 
fame; ,vithout having the honor of being the first to propose nayi- 
gation by stealn, or steam transportation on land, he exhibited a far 
better knowledge of the science and of the art of engineering than 
any man of his time, and he entertained and urged more advanced 
opinions and n10re statesmanlike yiews, in relation to the economical 
importance of the improvement of the stean1-engine, both on land and 
water, than seem to have been attributable to any other leading 
engineer of that time. 
His attention is said to have been first callfld to the applicati<,:>n of 
steam-power by seeing the experiments of John Fitch with his steam- 
er. He entered upon the 'work of the introduction of ste:lm in navi- 
gation with characteristic energy, and with a success tbat ,,,ill be 
indicated ,vhen we come to the consideration of that branch of the 
su bject. 
But this far-sighted engineer and statesman saw plainly the iU1- 
portance of applying the steam-engine to land transportation as wen 
as navigation; and not only that, but he srnv with equal distinctness 
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the importance of a wcll-dc\'isec1 ana carefully-prosecuted schcnlp of 
internal cOllllnunicatioll by a conlplete system of railroads. 
56. In 1812 he publishEd a panlphlet enlbodying "Docunlents 
tending to prove the Superior Advantages of Railways and Steam- 
CarriagcH over Canal Navigation." 1 
.oAt this tinIe, the only ,vorking locomotive in the ,vorld was that, 
of Trevithick and Vivian, at :\Ierthyr - Tydvil, and the railroad 
itself had not grown beyond the old ,vooelen tram-roads of the col- 
lieries. 
Yet, Colonel Stc\'cns says in this paper, "I can sce nothing to 
lJÌllder a steaul-carriagc llloving on its \vays with a velocity of one 
hundred miles an hour," adding in a foot-note: "This astonishing ve- 
locity is considered here 111erely }Jossible. It is probable that it lllay 
not, in practice, be convenient to exceed twenty or tl1irty 111iles per 
hour. ....\.ctual experiments can only determine this nlatter, and I 
should not be surpri:sed at seeing steam-carriages propelled at the rate 
of forty or fifty miles an hour." 
.f\t a yet earlier date he had addressed a 111el110ir to the proper au- 
thoritie
, urging his plans for railroads. 
lIe proposed rails of tituber, protected ,vhell llPCí'SSary by iron 
plates, or to be lnade ,vholly of iron. 'The car-wheels "
ere to be of 
caðt-iron, ,vith in
ide flanges to keep theIn on the tracIe 'The c;;tealll- 
engine was to be driven by stean1 of fifty pounds pressure, and to be 
non-condensing. 
.i\nswering the o
jections of l
obert I:. Livingston and of tbe COln- 
luissioners of New York, he goes further into details. 
57. He gives 500 to 1,000 pounds as the lllaxinuun ,veight to De 
placed on each ,vheel, shows that the trains or " suites of carriage
," 
as he calls then}, will make their journeys" with as nlueh certainty 
and celerity in the darkest night as in the light of day," shows that 
the grades of proposed roads would offer but little resistance, and 
places the whole subject before the public with such accuracy of 
statement, and such evident appreeiation of its true value, that every 
one 'who reads this renIarkable dOCll1nent ,vill agree fully ,,
ith the late 
President Charles I{ing, of Cohuubia College, who said that" whoso- 
ever shall attentively read this pamphlet will perceive that the politi- 
cal, financial, cOlnnIcrcial, and n1Ïlitary aspects of this great question 
were all present to Colonel Stevens's l11ind, and that he felt that he 
,vas fulfilling a patriotic duty when he placed at the disposal of his 
native country these fruits of his geniu
. 
"The offer was not then accepted. Th0 Thinker "
as ahead of 11is 
age, but it is grateful to know that he lived to see his projects carried 
out-though not by the GoverIlll1el1t-and that before he finally, in 
1838, closed hi
 eyes in death, at the great age of eighty-nine, ]a' 
. could justly feel a
suretl that the n
llne of Stevens, in l1Ís own l)erso]l 
1 Printcd by T. & J. Sworùg, 1HiO Pearl Street, XC" York, 1812. 
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and that of his sons, was imperishably enrolled among these which a 
grateful country will cherish." 
A patent issued to Colonel Stevens by the British Government in 
1805, and a section of a "safety-tubular" boiler subsequently built on 
the san1C plan, and used on a locomotive, are preserved in the Stevens 
Institute of Technology, at I-Ioboken, New Jersey. 


- "'- 
,. 

 
.I \.d
'
,-{
 
' '
-\
' 

. ; 'j " -:,) 

 ,,""'" - " '...- 
 rj;J 

-
 ,'fl ,,<.-, ; !
 // 
f.:.
cL'''
''':c:,=-'' ?
')
 
,

".- - ,,
.t"" . '< .
!Y/ '.,..:. 
 

 '.
'<.'0 ,1 ,.,..;:' 
 
 

Y/.p l' 
'

 
 ;':. /./ 
, : 


 
:ø; I '/ 
 
.f/$/ ,'.' ï 
 
// ,. ,'\ /,/ 
 l' 
/ 
':.
 f, 
/ j 
Æ '/ . / !// 
;Ø 
 ./, 'I
 .;
i" /' _ // d:ff // /,
;j 4:0/ 
/' r '/' /;;;;
 ø- /:/ 

/// J ,
1' 
 Æ/A _Id?
 // 

/ I/; P 
j 
 /?'ø
 
1 ,f;/ ,
.
 f' 
-::-Ý 
, I 
 'l f ð fJ //,1'// 
. / 1 " /' 'l:íV 
/ /r' / 


GEORGE STEPHEKSON. 


68. In 1814 George Stephenson, to whom is generally accorded tbe 
honor of having first made the locomotive-engine a snccess, built his 
first engine at l{illingworth, England. 
It had been found during the previous year, by Black
tt & Head- 
ly, "Those engine is stil1 preserved at the South l{ensington Patent 
l\lusennl, that the slipping of the ,vheels could be avoided without 
recourse to extraordinary contrivances, and Stephenson made his en- 
gine a success, using smooth wheels. 
At this tin1e, Stephenson 'was by no means alone in the field, for 
the idea ùf applying the steam-engine to driving carriages on com- 
nlon roads and on railroads was beginning to attract considerable 
attention. 
Stephenson, however, combined in a very fortunate degree the ad- 
yantages of great natural inventive talent and an excellent mechani- 
cal training, his characteristics as an engineer reminding one strongly 
of those of James Watt. Indeed, Stephenson's portrait bears some 
resemblance to that of the great inventor. 
59. George Stephenson ,vas born in 'Vylam, in the nortb of Eng- 
land, near N ewcastle-upon-Tyne, and ,vas the son of a " north-country 
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miner." "Then still a child, he exhibited great mechanical talent and 
unusllallove of study. 
'Vhen set at \york about the mines, his attention to duty and his 
intelligence obtained for him rapid pron1otion, until, ,,,hen about 
seventeen years of age, he was made engineer, and took charge of the 
pumping-engine at which his father was fireman. 
A little later he ,vas made engine-wright at I\:iIlingworth, where 
he soon inspired those who employed him ,vith such confidence in his 
skill and reliability as to obtain an opportunity to design his first Joco- 
motive-engine, Lord Ravens,yorth, one of the principal proprietor
, 
furnishing tbe necessary funds. 
60. In 1815 be applied the blast-pipe in the chiInney, by which the 
puff of the exbaust steam is made useful in intensifying the draug})t, 
and applied it successfully to his second locomotive, here seen in 
ec- 


E ,,!1, 


I
 I ! 
. I 
R. [ 
J ,cT: I!:IIIIT:) 
:,' Ii 
.,.I 
-
j .&-- - 
I = - -= 
/ 
III' JI 
ï' J'
'i I r 
- 
 -----= 


J{ 


FIG. 30.-STEPHENSON'S LOCOMOTIVE, 1815. 


tiOI1 (Fig. 30). This is the essential c})aracteristic of the 10comotive- 
englnp. 
In 1815, therefore, we may say that the modern locomoti,'e steam- 
engine came into existence, for it is this invention of the blast-pipe 
that gives it its life, and it is the Inechanical :1daptation of this and 
of the other organs of the 
te
:un-enginp to locomotion that gives 
George Stephenson his greatest claim to distinction. 
61. In 1825 the Stockton (.t Darlington Railroad was opened, 
and one of Stephenson's ]ocomotivc
, in which }1e cmployerl his 
" steam-blast," was successfully used, drawing passenger fiS ,yell as 
coal train
. Stephenson had at this tilnc bccon1e engineer of the 
road. 
The time required to travel the distance of twelye miles was two 
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honrs. This" No.1 Engine" is still prescrvecl at Darlington Station, 
mounted on a granite pedestal, as shown in the picture (Fig. 32). 
62. One of the most important and interesting occasions in the 
history of the application of the non-condensing steam-engine to rail- 
roads, as ,veIl as in the life of Stephenson, ,va8 the opening of the 
Liverpool (.
 )lanchester Hailroad in the year 1829. 
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When this road was built, it was deterIl1ined, after long and ear- 
nest discussion, to try ,vhether locomotive-engines might not be used 
to the exclusion of horses, and a prize of Æ500 ,vas offered for the best 
that should be presented at a date ,vhich was finaUy settled at the' 
ûth of Octob
r, 1829. 
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Four engines competed, and the" Rocket," built by Stepbenson, 
received the prize. 
63. This engine (Fig. 33) weighed four and one-fourth tons, with 
its supply of ,vater. Its -boiler ,vas of the fire-tubular form, a fornl 
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FIG. 32.-STOCKTON & DARLINGTON ENGINE No.1, 1825. 


that had grow"n into shape in the hands of several inventors/ and ,vas 
three feet in diameter, six feet long, with twenty-fiye three-inch tubes, 
extending from end to end of tl1e boiler. The stealn-blast ,vas care- 
fully adjusted by experinlent, to give the best effect. Ste
un-pressure 
was carried at fifty pounds per square inch. 
The average speed of the 
l
ocket on its trial was fifteen 
llliles per hour, and its nlaxi- 
Illum ,vas nearly douhle tl1at, 
t,venty-nine miles an hour; 
and afterward, running alone, 
it reached a speed of thirty- 
fi ve n1Ïlcs. 
The shares of the COIll- 
pany inlmediately rose ten 
per cent. in value. Tlll;s the 
conlbination of the non-con- 
densing engine with a stmlln- 
blast and the multitu bular 
boiler, designed by the clear 
head and constructed nnder 
the watchful eye of an ac- 
complished engineer ana nlechanic, nladc steanl-loco
lotion so evident 
and decided a success that t11encefor"
:lrd its progress has been un- 
interrupted and 'wonderfully rapid. 
1 Barlow afld Fulton, 1795; Nathan Read, Salem, United States, 1796; Booth, of Eng- 
bnd, athl Séguin, of Francf', about 1827 or 1828. 


FIG. 33.-THE ROCKET, 1829. 
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64. In America the locomotive was set at regular ",
ork on rail- 
roads, for the first time, on the 8th of August, 1829. 1 
This first loconlotive ,vas built by Foster, Rastrick & Co., at Stour- 
bridge, England, and was purchased by 1\lr. Iloratio Allen for tte 
Delaware (.
 Hudson CanaÌ Company's road ii'om Carbondale to 
Honesdale, Pennsylvania. 
ßlr. Peter Cooper, of New York, placed an experimental loconlo- 
tive on the Baltimore & Ohio I
ailroad in 1829. It ran about fifteen 
miles an hour at maximunl speed. 
The first A
1erican locon1otive to do real service continuously was 
the" Best Friel1d" (Fig. 34), built at the 'Vest l>oint Iron Foundery, 
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FIG. 34.-THE "BEST FRIEND," 1830. 


in the year 1830, for the South Carolina Railroad, on ,,
I1Ïch road it 
ran from January, 1831, to June 17th of the same year, when it was 
destrored by the explosion of its boiler. 
A second locomotive (Fig. 35) was built at 'V. est Point for the same 
road in lR31, which resembled somewhat those built at about the 
same time, and a little later, by Stephenson. 
It "Tas at this time (1831), also, that ::\11'. I-Ioratio ....t\.llen introducec1 
the first eight-wheeled locomotives ever built, and ga-ve them a fonn 
(Fig. 36) which \vill be at once recognized by the engineer as tIle 
prototype of a recently-built locomotiye which has been brought 
out in Great Britain. In this year, also, an engine, the De 'Vitt 
Clinton, was built for John B. Jervis of the 
loha\Vk & IIudson 
Railroali . 
65. At about the time of the opening of the early railroads, tbe 
J U History of the First Locomotive in America," 'V. H. Brown. D. Appleton & Co., 
New York, 1872. 
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introduction of steam-carriages on the common highway had become 
a favorite idea with engineers. 1 
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FIG. 35.-TuE "VEST POINT, 1831. 


In Decelnber, 1833, about twenty steam-carriages and traction 
ro
d-engines ,vere running or were in course of construction in and 
near London. 
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FIG. 36.-TuE SOUTII CAROLINA. 1831. 


In our own country, the roughness of roads discouraged inventors, 
and, in Great Britain ev
n, the successful introduction of road-loco- 
motives, ,vhich scemed at one time almost an accomplished fact, finally 
1 U Road-Locomotives and Traction-Engines," .Jow'nal of tlte Franklin Institute, 1871. 
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met with so many obstacles that even Hancock and Gurney, the most 
ingenious, persi
tent, and successful constructors, gave up in despair. 
Hostile legislation procured by opposing interests, and pos
ibly also 
the rapid })rogress of steanl-Iocolllotion on railroads, caused this result. 
In consequence of this interruption of experiment, almost nothing 
,vas donc during the suc- 
ceeding quarter of 3 c
n- 
tury, and it is only 'within 
a fe,v years that anything 
like a business success has 
1)een founded upon the con- 
struction of road-Iocomo- 
ti \reS, although tIlC scheme 
seenlS to have been at no 
time entirely given up. 
l\Iessrs. A ve1ing & Por- 
ter, J. Scott Russell, BoydeH, and a few others in England, and l\Iessrs. 
Roper, Dudgeon, Fawkes, Latta, anù J. K. Fisber, in tbe United 
States, have all, at various times, labored in this direction. 
The last-named engineer designed his first steam-carriage in 1840, 
and was still at "
ork at the time of his death, in 1873. 
Abroad, a few' firn1s bave succeeded, within a few years 1)3st, in 
making a business of considerable extent in constructing road-loco- 
motives for hauling bea vy loads, and in building steam road-rollers. 
'Vhile stean1-carriages of high speed, and adapted to the trans- 
portation of passengers, haye not yet been f\uccessful1y introduced, a 
most promising start has been lnnde in the application of stealll to 
the heavier kinds of work on the COm1nOll road. 
The great impediments seem to be the roughness and bad construc- 
tion of the ordinary highwa)-, the damages arising from the taking 
fright of horses, the engineering difficulties of construction, and the 
limited po,ver of the machine as it has usually been built. Hostile 
legislation might perhaps be placed in the category, but we are }1)'ob- 
ably sufficiently far advanced in civilization to-day to be able to secure 
liberal legislation "when the people shall be satisfied that the introduc- 
tion of the road-locomotive \vill be of great public advantage. 
66. The capabilities of tbe road-Iocolllotive are readily detennined 
by experiment, and the follo.wing is an abstract of the results of several 
series of trials. 1 A trial of a road-engine 'vas Inade by the wcll-kno,yn 
Fr('nch engineer, H. Tresca, 
n presence of Prof. Fleeming Jenkin, 
and t be report .was su l)nlitted on January 15, 1868. The reHults were 
as follows: 1. The coefficient of traction ,vas about 0.25 on a good 
road ,vith easy grade
. 2. The consumption of coal was 4.4 pounds 
per horse-power per honr. 3. The COnSlll11ption of water was 132.2 
gallons an hour 'with the ten-horse engine. 4. The coefficient of ad- 
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FIG. 37.-FISHER'S STEAM-CARRIAGE, 1870. 


1 Appletons' American Cyclopædia, article" Steam-Carriage." 
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herence or of friction between the wheels and the soil, was 0.3. 5. A 
, 
speed of seven miles an hour caused no special difficulty ill managing 
either the locomotive or its load. j\t about this time 
l. Servel con- 


FIG. 38.-GUR
EY'S STEAM-CARRIAGE, 1833. 


ducted a series of experiments with a similar machine upon paved 
and upon macadamized roads, during ,vhat he described as the most 
trying of winter weather. lIe reports the following distribution of 
weight per cent. : 


'Veight of locomotive. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 41.4 
" "wagons.. . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .. 18.2 
" "paying load. . . " . . .. . . . . . .. .. . . . . . . . . .. .. .. .. . . .. .. 40.4 


Total. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . 100 


The average total ,yeight of three loaded ,,
agons, which ,vas the 
usual load, ,vas 22,575 kilogrammes, or about t,venty-t"
o tons. The 
experiment was made in 1867-'68 of applying these engines to the 
towage of boats on the French canals, with very encouraging results. 
In 1871 se\'eral traction-engines were exhibited before the Royal 
Agricultural Society of Englanù at "\\TolverhauIPton, and the judges 
mat1e a series of carefnl tests, reported in its " Journal" for that year. 
The coal used on special trial amounted to 3.2 pounds per indicated 
horse-power per hour, and the cyaporation of ,vater ,vas 7.62 pounds 
per pound of coal consluuec1, the average tell1perature of feed being 
175 0 Fahr. The load drawn up the nl:1xiuHUn grade of 264 feet to the 
mile on Tottenha1ll IIill, which is 1,900 feet frolll top to bottom, "
as 
tw'enty-six tons, and including "reight of cngine thirty-eight tODB, 
giving a coefficient of traction of 0.35. On a country-road sixteen 
miles long it drew fifteen tons at an :1yerage rate of 3i n1Ïles an hour, 
using 2.85 pounds of coal and 1. ü! gallon of 'water pC'r ton of useful 
load per nÜle. 
67. In October, 1871, the writer conducted a public trial of roacl- 
engines and steam road-rollers, on a w'ell-macadamizeù roaù at South 
Orange, N e,v J ers3Y. Two road-steau1ers (Fig. 39)" or traction-el1- 
T"OL. XII.-18 
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gines and a steam road-roller ,vere tried. The following were the 
principal dimen
ions: "\Veight of engine complete, five tons four hun- 
dred-weight (11,648 pound::;); diameter of stean1-cylindcr, 7-1 inches; 
stroke of piston, ten inches; revolutions of crank to one of driving- 
wheel, seventeen; dialllcter of driving-wheels, sixty inchES; length of 
boiler over all, eight feet; diameter of boiler-shell, thirty inches; load 
on driving-wheels, four tons ten hunch'ed-weight (10,080 })ounds). The 
boiler was of the ordinary locomotive type, and the engine was mounted 
upon it, as is usual with portable engines. The engine valve-gear con- 
sisted of a three-ported valve and Stephenson-link, 'with reversing 
le\'er, as generally used on locomotives. The connection between tl1e 
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,PIG. 39.-MODERN ROAD-LoCOMOTIVE. 


gearing and the driving-wheels \\T3S effected by the device called by 
builders of cotton-machinery a J 3ck-in-the-box gear, or differential 
gear. By this conlbinatioll, the effort exerted by the engine is made 
equal at both wheels at all time
, e\-en 'when t1)e engine is turning a 
corner. The folIo,ving is a summary of the conclusions deduced from 
the trial, and pnhlished in the JOlll"nal of the Franldin Institute: A 
traction-engine nUlY be so constructed as to be easily and rapidly 
manæuvred on the comn10n road; and an engine weighing' over five 
tons JTIny be turned continno.usly 'without difficulty on a circle of 
eighteen feet radius, or even on a road but little wider than the length 
of the engine. A IocomotÏ\.e of five tons four hundred-weight has 
been constructed, capahle of drawing on a good road 23,000 pounds 
up a grade of 533 feet to the mile, at the rate of four miles an hour; 
and one luight be constructed to dra,v more than 63,000 pounds Ul) a 
grade of 225 feet to the mile, at the rate of two miles an hour. It 
,vas furt1Jer shown thnt the coefficient of traction "Tith l)eavily-Iaden 
wagons on a good Illacadan1Ïzed road is not far from T t 0 ; the traction- 
po'wer of tl1Ís engine is equal to that of t,venty horses; tlH.) weight, ex- 
clusive of the w'eight of the engine, that could be drawn on a level 
road, was 163,452 l)ounds; and the al110nnt of fuel required is esti- 
mated at 500 pounds a day. The advantages claimed for the traction- 
engine over llorse-power are: K 0 necessity for a limitation of working- 
hours; a difference in first cost in fa VOl' of steam; and in l)ea-,y 'work 
on a common road the expense by steam is less than t,venty-five per 
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cent. of the average cost of horse-power, a traction-engine capable of 
doing the work of t.wenty-five horses being worked at as little expense 
as ::;ix or eight }}orses. 
68. Now, thirty years after the defeat of tIle intelligent, coura- 
geous and persistent Ilancock and his co-workers in the scheme of ap- 
plying the steam-engine usefully on the comlnon road, we find strong 
inditations that, in a nc,v fornI, the problem has been again attacked 
and at least partially solved. It was formerly supposed that success 
in the transportation of passengers by 
teanl on post-routes ,vonld 
lead to the application of that. Inotor to the movemen t of heavy loads 
and to agricultural purposes generally. 'Vhen, after so long a trial, 
the experinH'ut finally seenled to have failed of success, it ,vas be- 
lieved that steam could not be applied to heavier work on comnlon 
roads. As 'we ha,.e no,v seen, however, it appears probable tbat the 
inventors of that day,attacked the problem at the ,vrong point, and 
that, on the common road, the transportation of heavy loads by 
steam being accomplished ,vith economical success, under ordinarily 
favorable circumstances, it may prove introductory to tbe use of 
steam in carrying passengers and light freight at higher velocities. 
One of the most in1portant of the prerequisites to ultimate suc- 
cess in the substitution of stealll for animal po,ver on the highway is 
that our roads shall be welllnade. 
As the greatest care and judgnlent are exercised, and an inlmense 
outlay of capital is considered justifiable, in securing easy grades and 
a smooth track on our railroad routes, ,ye may readily believe tl}at 
sin1Ïlar l)recaution and outlay ,vill be found advisable in adopting the 
COlunlon road to the road-locon10tive. 
It is undeniably the fact that, even when relying npon horse-power, 
far less attention has been paid to the ilnprovenlent of our roads t}]an 
true econonlY ,voultl dictate. "Vith steam*power, the gain by careful 
grading and excellence of construction of the road-bed becomes still 
more in1portant. The anilnal Iuechauislu is less affected in its power 
of drawing heavy loads than is the Juachine. ""Tith the horse, a bad 
road inlpedes transportation principally by resisting the lUOyelnent 
of the 10:1<.1 rather than of the aninlal, 'while with tIle traction-engine 
the Inotor is as seriously retarded as tlJl
 train which follows it, and 
frequently much more, on soft gronnrl. 
Steam, therefore, cannot be expected to attain its full measure of 
Success on rough and ill-nutde roads; but where highways are intelli- 
gently engineered and thoroughly well built, or where Nature has 
relieved the engineer and the road-builder of the expensive work of 
grading, as throughout a very large extent of the "T estern ana South- 
ern portion of our country, ,ve )llay expect to see the road-Ioconloti,.e 
rapidly introduced. 
The earliest ana most perfect success of the traction-engine, and 
its probahle successor, the stcanl-carriage, may be expected to occur 
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in such districts. Its great economical advantage over animal power, 
its freedolll frolll liability to becolne di
abled by epizoütic diseases, 
its reliability uuder all cireumstances, and the many other advantages 
which are possessE:d by the n13,chine, are already securing its introduc- 
tion, despite the difficulties arising from popular prejudice and unfa- 
n1Ïliarity, from hostile municipalla,vs and other existing obstacles. 
We are learning tlí}at this motor, when it can be used at alJ, is com- 
paratively inexpensive; that our roads are improved by it; and that 
the ancient idea of its conflicting with the interests of o,vners and 
'workers of horses is only a superstition. 


FIG. 40.-llANCOCK'S STEAM-CARRIAGE, 1833. 


Such a commencen1ent having been made, it is difficult to conceive 
how great nlay not, be the future of this branch of industry 'when the 
valley of the l\Iississippi and our "... estern plains, the natural ]]abitat 
of thi" motor, shall have become finally a principal seat of its manu- 
facture as well as of its employment.! 
69. The steam-blast of Jlack,,?orth, the tubular boiler of Séguin, 
and the link-motion of Stephenson, constitute the essential features 
of the modern 10con1otive. Locolnotives have gradually and steadily 
increased in size and power from the date of their introduction. 
The Rocket, which fir
t proyed eonclusively, in 1829, the value of 
steam-lof'omotion, 'weighed 4:1- tons. In 1835 Robert Stephen
on, 
\\
ho had constructed it with his father, "
riting to Robert L. Ste- 
vens, said that lle was making his engines heavier and }]eayier, and 
that the engine of which he inclosed a sketch w'eighed nine tons, 
and could dra'w " 100 tons at the rate of sixteen miles an hour, on a 
leve1." LocOlnotives are now built .weiglling seventy tons, and power- 
ful enough to draw more than 2,000 tons at a f'peec1 of t"?cnty miles 
an hour. The modern locomotive consists of a boiler, n10unted upon 
a strong light frame of forged iron, by whieh it is connected with 
the wheelR. The largest engine yet. con
trncted in the United States 
iR said to be one in u
e on the Philadelphia &
 Reading Railroatl, hay- 
in
 a ,veigl]t of about 100,000 pounds, \\?hich is carried on twelve 
driving-wheels. A locon1oti ye has t,vo steanl cy Hnrlers, either F-ic1e 
1 Vide paper by the author, .Journal of tlLe F1.anklin Institute, 1871. 
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by side w.ithin the frame, and immediat
ly beneath the forward end 
of the boiler, or on each side and exterior to the frame. The engines 
are non-condensing and of the sin1plest possible construction. The 
whole machine is carried upon strong but flexible steel springs. The 
steam - pressure is usually 
nlore than 100 pounds. The 
l)ulling- power is generally 
about one-fifth the ,veight 
under most favorable con- 
ditions, and becomes as low 
as one - tenth on ,vet rails. 
rfhe fuel employed is wood 
in new countries, coke in bi- 
tuminous coal districts, and 
---..:.-
' 
anthracite coal in the eastern 
'part of the United States. 
'fhe general arrangement and the proportions of locomotives differ 
somewhat in different localities. In Fig. 41, a British express-engine, 
o is the boiler, N the fire-box, X the grate, G the smoke-box, and P 
the chimney. S is a spring, and R a lever safety-yalve, l' is the 
,vhistle, L the throttle or regulator valve, E the steam-cylinder, and 
1Vthe driving-wheel. The force-pun}p, B 0, is clriyen from the cross- 
head, IJ. The fr3me is the base of the ,vhole system, and all other 
})arts are firmly secured to it. The boiler i::; made fast at one end, 
and provision is made for its expansion when heated. Adhesion is 
secured by throw-ing a proper proportion of the weight upon the 
driving.,vheel TV
 ,rfhis is from about 6,000 pounds on standard 
freight-engines, having several pairs of drivers, to 10,000 pounds on 
passenger-engines, per axle. The peculiarities of tbe American type 
(Figs. 42, 43) are the truck or bogie supporting the forward part of 
the engine, the system of equalizers, or beams which distribute the 
weight of the machine equally over the several axles, and n1Înor 
differences of detail. The cab or house protecting the engine-driver 
anù fireman is an American device, "rhich is gradually con1Ïng into 
use abroad also. The American locomotive (Fig. 43) is distinguished 
by its flexibility and ease of action even upon roughly-laid road
. 
The cost of passenger-Ioconlotives of ordinary size is about $12,000; 
heavier engines sometimes cost $20,000. The locomotive is usually 
furnisbed with a tender, which carries its fuel and ,vater. The stand- 
ard passenger-engine on the Pennsylvania Railroad is quite similar in 
form to the Baldwin engine (Fig. 42), anù has four driving-wheels 
(G, II), 5t feet diameter"; steanl-cylinders (C, .D), seventeen incheH 
di:1llleter and two feet stroke; grate-surface (N) 15-1- square fect, and 
heating-surface 1,058 square feet. It weighs 63,100 pound
, of ,,
hich 
39,000 pounds are on the drivers and 24,100 on the truck, L IL The 
shell of the boiler is 49i inches diameter aua 20 feet 2!- inches long. 
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FIG. 41.-BRITISH EXPRESS-ENGINE. 
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The fire-box, 
'T N, is of steel, si
 feet two inches long outside, 3t 
feet wide, and five feet four inches })igh. The tnbc
, 0 0, are of iron, 
142 in number, 2t inches dialneter, and eleven feet seven inches long. 
The steam-dome, R, is thirty inches outside diameter, the smoke- 
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stack, p, 14t inches. The feed-water is supplied by one pnmp, Ii, of 
2t inches diameter and two feet stroke, and by a No. 8 Giffard in- 
jector. The valves, T, are 16 
 inches .wide by 8l inches long, and 
have five inches travel. The ste
un-ports are 15ft incl)es wide and 
It inch long, and the exhaust-port 15t-i- by 2! inches. The lap of tbe 
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valve is, outside! inch, inside {';14 inch. The eccentrics have a thro,v of 
41 inches. The standard freight-engine Las six driving-"rheels, 54
 
inches in diameter. The steam-cylinders are eighteen iu(:hes ill dianle- 
tel', stroke twenty-two inches, grate-surface 14.8 square feet, lleating- 
surface 1,096 feet. It weighs 68,500 pounds, of which 48,000 ar
 on 
the drivers and 20,500 on the truck. The boiler is nearly of the same 
dimensions as that of the passenger-engine, but the tubes are 2} inches 
in di:uneter, twelve feet 91 6 inches long, and 119 in nun} bel'. The 
stack is eighteen inches in dianleter. The plunp is 21- inches in diam- 
eter, and has a stroke of twenty-two inches. The valve has 1 inch 
inside lap, n inch outside. The former takes a train of fiye cars up 
an average grade of ninety feet to the nlile. The ]atter is attae]Jpd 
to a train of eleven cars. On a grade of fifty feet to t}a
 Inil<., the 
fornlpr takes seven and the latter seventeen cars. Tank-engines for 
very heavy work, such as on gradps of 320 feet to the mile, ,vhich are 
foÙnd on some of the railroads where gradients are very steep, ha,.e 
five pairs of coupled driving-wheels, and are not fitted ,vith trucks. 
Such engines have, usually, steam-cylinders about twenty inches in 
òian}eter and t,vo feet stroke of pi
ton. Their grates have an area 
of fifteen or sixteen square feet, and the heating-surface has an area of 
1,400 to 1,500 square feet. Engincs of this class, w'eíghing fifty tOllS, 
have hauled 110 tOllR up the heaviest grades of the Pennsylvania Rail- 
road at the rate of five miles an hour. Ste::nn-pressure is carried at 
from 125 to 150 pounds on the sqnare inch. 
70. ,.::\ train weighing 150 tons is drawn by an express-engine (Fig. 
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FIG. 4:3.-STAYDARD PASSEXGER AND EXPREF:S ENGINE, 18iR. 


43) at the Rpeed of sixty n1Ïlcs an hour, the engine dt'Ye1oping about 
800 horse-pow"er. 1 An engine c1rawiug a light train has 1well known 
to lnake ahout one 11Ulldred llliles ill one hundred n1Ínute
, which hpced 
may be taken as reprc
eìlting the Ill:1xilllUlll for th(\ best lllodern 
engilws on the best existing roads. 
) Xear)y equivalent to tl1c actual power of 1.200 horses. 
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The life of the locomotive, when ,veIl cared for, cannot be exactly 
stated, but may be taken as not far from thirty years. RerJairs 
cost, annually, ten or fifteen per cent. of tbe first cost. 'Yhile run- 
ning, each engine requires about four pints of oil and two tons of coal 
for each one hundred miles. 
71. After their introduction, tbe growth of railroads and the use 
of locomotives extended in the United States and in Europe with 
great rapiùity. 
The first railroad in the United States was built near Quincy, l\las- 
sachusetts, in 1826. 
In 1850 there were about 700 miles in operation; in 1860 there 
were over 30,000; and there are to-day about 76,000 miles of COIll- 
pleted road in the United States, and the rate of increase had risen in 
1873 to above 7,000 miles per year, as a nlaximunl, and the c011sump- 
tion of rails for renew'al alone amounts to nearly a half-million tons 
per year. 
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HEALTII-1\IATTERS IN JAP A..:N. 


By ED'V ARD S. MORSE. 


T HE problem which excites more interest than any otber in tbe 
larger cities of onr country is that in regard to the best dis- 
position of se" age. People have slowly come to realize that in 
some way a series of disorders arises from the presence of "waste 
111attor in cities. So weB ascertained is this fact that diseases which 
are attributed to the presence of filth are aptly ealled filth-diseases, 
and it is well that they are at last branded hy their rigl1t name. 
One JUts only to consult tbe valuable reports of tbe State boards of 
health for infomation on tbese matters. In these reports he ,,
ill find 
an over
Thelming Inass of evidence tracing typhoid fever, cholera 
infantum, and other ùiseases, to the presence of filth, and to its 
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infectious character ,vhen communicating with water-supplies, or 
through its malarial gases affecting the air of houses. At present the 
causes of high death-rates are as certainly kno,vn as the course of 
storms. Indeed, the intelligent l)hysi
ian will predict the necessary 
consequences which must ensue from the presence in a cro,vded city 
of matter which should be removed. Interestcd as I have bcen in 
these subjects, I looked for,vard with considerable eagerness to an 
opportunity for studying the conùitions which obtain among the 
Japanese concerning these ll1atters. Their manner of Jiving, thcir 
food, their domestic habits, are all so different from onrs, that it nat- 
urally occurred to me, if these filth-diseases are as common here, with 
their cleanly habits, and the universal custOTI1 of removing offal fl'oln 
their dwellings, as with us where the same matter lies in a frightful 
state for months to pollute the neighborhood, then the points urged 
in regard to the relations Letween filth-diseases and offal must be 
'modified or abandoned. 
'Vhat do the facts show? 
At home, the following conditions are }'igbtly looked upon as 
grave sources of danger: the presence of privies in the vicinity of 
wells, cellars filled ,vith decaying vegetable matter, Do water-closet or 
In'ivy connected iUl1nediately with a house, or the ingress of f'ewage- 
gas to a house. It is at present difficult to get any vital statistics 
regarding the Japanese. 'Vhile the GovenHnent ana people haye 
nlade the nlost surprising strides toward the civilization of 'Yestern 
nations (for they have a civilization of their O'wn ,vhich in IDallY re- 
spects is Ütr ahead of ours 1), and have established nOI'lnal schools and 
. universities, medical and naval colleges, hydrograp1Üc and other sur- 
yeys, they ha70 not yet seen the irnportance of organizing a board of 
health. 2 
One would be justified in assuming that if these sources of danger 
existed, the foreigner, unaccliulated as he is, woulù be nlore susce})- 
tible to theil' influence than the native. Dr. Stuart Eldridge, of Y 0- 
kohaJna, a distinguished physician, ,vIlo has had a long and varied 
expE:'ricnce in thi
 country in ho
pital-work ana as an active practi- 
tioner, has kinùly furnished TIle ,vith the following data at my re- 
quest: "Scarlet feyer alnzost 'llnl
noU)n, never cpidenlÎc. Diphthe- 
ria almo
t unkno"
n, never epidcInic. Severer fornu, of bu,,
el-dis- 
ease, such as òysentery and chronic t1iarrhæa, yery rare. 1\lala- 
1 If some of the indications of ci\"ilization arc to treat each other kinùly, to treat their 
children with unvarying kindness, to treat the anima18 below them with tcnùerl1ess, to 
honor their father and mother, to be scrupulou
l'y clean in thcir persons, to be frugal find 
temperate in their hahits-if thcse features be recognizcd as civilized, then this pagan 
nation in these resþect:; is as far ahead of U8 a
 we are ahead of the Tierra d('l Fuegans. 
! "
e ought not to expect this of Japan, perhaps, since tlw repre:,cntativcs sent by 
:Maine to her Legi
lature w('re, with fl'w exceptions, too ignorant to appreciate the neces. 
sityof a State board of health, and were incredulous that the phy:::icians who urged the 
me.'lSUrc so strongly were unselfishly working for its cstabli:,lllnellt ! 
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rial diseases of severe nature uncommon; even the milder forms in 
most localities not cDronion. Typhoid and typhus rarely epidemic, 
the latter uncommon." 'Vith these faC'ts before us, let us examine 
the conditions of living among the
e people. It is well known that 
their houses al'e so arranged that the ,vinds blow through them from 
one end to the other. In sumnler they are entirely opel!. The privies 
are never connected inunediately with the houses except among the 
lower class
s in the larger cities, where, as in Tokio for exanlple, aIllong 
the poorer houses the privy is in the back part of the house, but even 
in these cases a close 
liding-door al ways separates this apartlnent 
frolll the Ii ving-roonl, and a grated window without glass permits 
thorough ventilation. In the public inns, too, the privy is some- 
tinles connected 'with the building, to the great discomfort of for- 
eigners. In the country villages it stands alongside the road, separate 
frolll the house. Their sewage system, so far as I am aware, is F:U- 
perficial, and there is no sewage-gas to contaminate the air. The 
houses have no cellars, and consequently the air in them is Bot pol- 
luted from this source. On the other hand, their wells are not always 
properly situated, and the water is liable to pollution fronl gutters. 
The important point to be noted, however, is in regard to the di
po- 
sition of their offal, and it is ,vell known that e\rery day or two this 
is rell10ved and scattered on their rice-fields and other cultivated 
areas. The vaults consist of water-tight vessels of limited capacity. 
In Tokio they u
e for this purpose oil-barrels, ,vhich they coat ,yith 
a kind of Yarni
h inside and onto FrolH the snulll size of this yesstl 
accuillulation never occurs, and from its nature the soil never hecomes 
saturated hy its contents. 
Ien, instead of being paid to rClllove it, 
actually pay for it ! 
The Japanese having no cattle or sheep, but few horses, no pigs, 
and but few fowls at thp most, depend entirely upon tl)e sewage 
of towns fOl' the fertilizing material of their farn1s. Koone at honle 
can fornl any idea of the pertect manner of this w'ork. Even in as 
large a city as Tokio, ,vith its million inhahitant!':, this service is 
performed with a neatness and thoroughness ,,
hich snrpasses belief. 
The foreigner finds one of his senses rudely assailed at times, though, 
as to that matter, he may go into one of the lllost refined cities of 
.A.lllerica, and, with the exception of a fe'w snnlmer nlonths, encounter 
the saIne discomforts. Dr. David )Iurray has called my attention to 
the very Ïtnportant service perform('d hy the crows and a kind of 
hawk which act as scavengers. 'Y' e are so accnstolncd at ])Ollle to 
find these birds especially wild and wary, that it is a somew}Jat 
startling sight to see them perching on the buildings in a cro,,"ded 
city like Tokio, an(l sw"oo})ing down in front of yon in quest of 
food, "rhich might otherwise decay and vitiate the atmosphere. The 
destrncti\renes
 and brutality, generally speaking, of the children of 
Christian nations lead to the stoning of dogs, cats, an.d birds of all 
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kinds. In J apall such a thing is unknown, and a stone tb1'o" n at a 
dog (I speak from' experience) is generalJy answered by an inquiring 
look, hens hop out of the way, and even cats do not take the hint! 
In other words, the crows and hawks are never molestC'd, ana the 
result is that all carrion and other stuff left in the streets :ire pounced 
upon and carried off immediately. 
As far as climatic conditions are concerned everything is most 
favorable for tbe development of filth-diseases, provided the sources 
of danger were present. In the summer months the heat is often- 
times oppressive,. the moisture excessive, meat decays rapidly, and 
the decoluposition of fruit and vegetables quickly ensues. 'Yith 
fruit especially ripeness is almost coincidC'nt ,vith decay. 
In regard to the personal habits of the people, it is interesting to 
remark tbat they drink very little cold water. The 'water is drunk as 
hot tea-in other words, it is boiled. Of extren1e importance, too, in 
regard to children'8 disorders, is the fact that, until t}Jey are t'\vo or 
three years old, they draw their nourisbment from the maternal fount. 
No child is fed u1.tificially. 
On the other band, it is interesting to note that the Japanese eat 
unripe fruit to an inordinate extent. "rhe moment fruit shows the 
filightest signs of being soft as an evidence of ripeness] it is consid- 
ered by them as unfit to eat. It is astonishing to see them eat bard, 
green peaches-clinching them in the fist, as a country boy does a 
lIard apple, and biting off each mouthful with a loud snap. They eat 
their pears in the same wa"y; cucumbers are eaten in a more unripe 
condition than with us even; and water-melons, which arc so much 
inveighed against at hODle, are ]Jere eaten by all classes and at all 
times. 
In fact, they seem to revel in thoEe tllings whic11 at 110nlc are con- 
6idered so }u'oductive of sumnler-comp]aints; ",JIO does not recall the 
astonishment he }ms felt at the sight of country children of tender 
age eating green apples, green corn uncooked, and simi1ar things, and 
yet suffering no ill-effects therefronl? These facts nUlY not p1'o\"(', 
perhaps, that unripe fruit is lwrnlless; but, in connection ,vith the 
other statements, they do sho'w that the renloyal of se"yage-lnatter 
frolll houses is the important .point to consider, and that its 1'el11oyal 
insures an absence, or a less nurnl)er, of cases of tl10SC diseases which 
enhance our death-rate at home, and lends an additional rC'ason for 
thc necessity of vigilance on the part of communities regarding these 
matters. 
Conccrning sunstroke, it is helieved at home that one of its incit- 
ing canses is the exposure of tl1(, l}ody or IH
ad to the overpo,vering 
Ileat of the Run; and the sul)jection of the uncovered }w3d to the 
direct rays of the snn is looked upon as dangerous. On the other 
band, it iR admittec1 that intenlperance in food or drink, and particu- 
larly the latter, nlay be inducing causes. Be that as it may, it is Bug" 
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gestive to Iilote the rare occurrence of sunstrokQ among the Japanese, 
and to remark tl1at two out of three go bareheaded. Th
 ,v omen 
never have their heads covered, and the men do not alw"ays protect 
theirs with the sun-shade. ...\.nlong the lower classes, few have their 
heads covered except ill the hottest ","cather-the Jinrikisha men 
and the Bottoes 1 running for miles bareheaded. In most cases the 
head is shaved on top. If exposure of the head to the direct rays 
of the sun is the inducing cause of sunstroke, then here, in latitude 
S
O, we should expect numerous cases, w'hile, if over-eating and over- 
drinking-in otIler words, intemperate habits-arc the inducing 
causes, then we ean understand the inl111unity of the Japanese :M'Onl 
this malady: for a more teluperate and frugal pcolJle do not exist on 
the face of the globe. 
One observes in traveling through the country the almost entire 
absence of deformities arising from accidents-no broken backs or 
broken noses, no unequal legs, or other mutilations or defornlities of 
any sort. A fruitful source of these misfortunes at home lllay be 
traced to accidents which befall children, such as falling out of win- 
dows, tUll1bling down-stairs, being knocked down in the street by run- 
away horses, and, in later years, the deforn1Ïties of the face, often- 
times the result of drunken rows and fights; the C'Jlllmon occur- 
rence of huilding-accidents, from insecure and dishonest staging, and 
the hundreds of other ways in which mutilations are met with in 13Tge 
factories. In Japan the houses are one story high; ogenel'ally speak- 
ing, thE:'re are no winJows to tumble out of, or flights of stairs to 
tumble down. Ilorses, except as pack-hol'ses, are 1'are. 2 The people 
do not have drunken brawls. Their stagings are always built to holc1 
together, and thus pagan temples are reared, and pagan temples are 
repainted, without those appalling accidents ,,
hich occur in a service 
of like nature at borne. There are no big factories; and so, with these 
sources of danger e1iminated, we find a n
ason, perhaps, for the 3h- . 
sence of deformities. 
In regard to the prevalence of certain other diseases wl1ich may 
be of interest in a paper of this nature, it is gratifying to know that 
small-pox, ,vhich 'was formerly en(lemic, is now coming under control 
by the Government taking acti,e measures to insure vaccination. A 
vaccine fann is nulÍntained, and it is compulsory on everyone to be 
vaccinated. The frightful scourges of this disease in past times are 
seen in the sadly-scarred faces of so many of the people, and in the 
number of blind persons one encounter
. 
Eye-diseases of various kinds are })revalent, and near-sightedness 
seems very common, judging from the number of people who wear 
glasses. "r eakness of vision must in some measure be attributed to 


1 Bettoes are servants who run besiJe the horses or before them when one is driving. 
2 Only within a few years have horses been used in the streets of Tokio, and a police 
regulation requires a man to run in front of each one in C'very crowded thoroughfare. 
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the poor light the people provide themselves with. ....\. dim candle, 
or, at most, a tiny wick resting on the edge of a vecsel of vegetable 
oil of feeble illuminating po.wer, and this inclo
ed in a paper lantern, 
is the almost universal lamp of the Japanese; and with this dim light 
the student studies his Chinese classics, the characters of 'which are 
so confusedly 'wrought together, and the "
oman performs her sewing 
on the customary dark-blue cloth. The gradual introduction of kero- 
sene-oil, ,vhich is now going on, must i
l some way rnodify these 
troubles. 
l\Ieasles is occasionally epidemic, and, owing to the exposed life 
of the people, often very severe. Phthisis is not more COll1mon in 
Japan than in our l\Iiddle States. Articular rheumatism is not com- 
mon, but muscular rheumatisnl is very common. Skin-diseases are 
common, especially the cont
gious forms. The uniyersal use of the 
, razor in shaving, and the custom of itinerant barbers, who travel from 
o"ne village to another shaving indiscriminately, indicate too plainly 
the reason for t])e prevalence of contagious diseases of the skin. 
In Japan e,'eryhody shaves. The men shave the tops of their headf:, 
the beard and mustache, and, curiously enough, every portion of tbe 
face, even to the eyelids (not the eyelashes), the lobes of the ears, 
and the nORe to its very tip. 1\Iarried ,vomen shave their eyebro,vs ; 
,vido.ws and pricsts shave the cntire scalp; babies even haye t11eir 
heads sha\?ed in such a manner as to leave the most grotesqne bunc}Ies 
of hair symmetrical1y dispoEed, like a fancy garden-plot, the remain- 
ing portions of the scalp being entirely denuded. It i
 rather the 
exception th3,n the rule to find a ('hild's head free frOlll an eruption 
of some kind, and for this reason, as a general thing, the Japanese 
babies are unattractive. 
1\f y observations on the facts kindly furnished 111e hy Dr. Eldridge 
apply only to the region about Tokio. The experience upon which 
these are made is based on a tour of a hundred 1l1ilcs to the northwest 
of Tokio, 3, good part of the inland journey being made on foot, nlany 
rambles through the streets of Tokio, and a six weeks' sojourn in a 
little yil1age seventeen miles south of Yokohama. During all these 
trips and 
ojourns I have had my note and sketch book constantly 
'with me, and have given the strictest attention to the sanitary COD- 
dition of the houses and their surroundings. 
In conclusion, it is gratifying to kno,v that more soH(l progress 
l1:1s heen made in nlcdicine and surgery than in any other hranch of 
"r estern science, and th:1t the old ChiHcse Systp1l1, with its grotesque 
aùsurdities, is doonled. 


P. S.-Just as I anI lllailing this, the alanning news COIneR that 
the Asiatic eh01er:1 has ma(le its flppearnnce in Yokohanl[t in the mOf.t 
enlphntic manner. It win, of course, extend to Tokio; fllH1, curiou
ly 
enough, t1)e very enston1::
 of the people wI1Ích tend to thw
1l't the ray 
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ages of certain other diseases ,vill in this case be the very conditions 
to promote the ravages of cholera. A parallel case would be that of 
c
refully removing tbe coals of fire from a building every night, as a 
saîeguard to the structure; but let a sudden gale spring up, and the 
embers thus removed 'would be scattered far and wide. 


. - . 


ILLUSTR

TIONS OF TILE LOGIC O:F SCIEXCE. 


By C. S. PEIRC E, 
ASSISTAKT IN TIlE UNITED STATES COAST St:'RVEY. 


SECO
D PAPER.-IIOW TO M...\.KE OUR IDE...-\S CLEAR. 


I. 
W IIOEVER has looked into a modern treatise on logic of the 
common sort, will ùoubtless remember the two distinctions 
between clear and obscure conceptions, and between distiuct and con- 
fused conceptions. They have lain in the books now for nigh two 
centuries, unimproved and unmodified, and are generally reckoned by 
logicians as among the gems of their doctrine. 
A clear idea is defined as one which is so apprehended that it will 
ùe recognized wherever it is met with, and so that no other ,vill be 
mistaken for it. If it fails of this clearness, it is said to be oùscure. 
This is rather a neat bit of philosophical terminology; yet, since it is 
clearness that tbey "Terc defining, I wish the logicians had made their 
definition a little more plain. Never to fail to recognize an idea, and 
under no circumstances to mistake another for it, let it come in ho,v rec- 
ondite a form it Inay, would indeed imply such prodigious force and 
clearness of intellect as is seldom met with in this ,vorlò. On the oth
r . 
hand, merely to have such an acquaintance with the idea as to have 
become familiar with it, and to have ]ost all hesitancy in recognizing it 
in ordinary cases, hardly seems to deserve the nan1e of clearness of 
apprehension, since after all it only amounts to a subjective- feeling of 
mastery which may be entirely mistaken. I take it, however, that 
,vhen the logicians speak of 
'clearness," they n1ean nothing more 
than such a familiarity ,vith an idea, since they regard tI)e quality as 
but a sman merit, ,vhich needs to be supplemented by another, which 
they call distinctness. 
A distinct idea is defined as one 'which contains nothing ,\\Thich 
is not clear. This is technical language ; by tbe contents of an idea 
logicians understand ,vhatever is contained iu its definition. So tl)at 
an idea is distinctly apprehended, according to them, when we can 
give a precise definition of it, in abstract terms. IIere the profes- 
sionallogicians leave the suhject; and I would not have troubled the 
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reader with what they have to say, if it ,vere not suel1 a striking ex- 
aml'le of how they bave been slulllbering through ages of intellect- 
ual activity, listlessly disregarding tbe enginery of nlodern thought, 
and never dre
llning of applying its lessons to tIle inlprO'"Cment of 
logic. It is easy to sho.w that the doctrine that familiar use and 
abstract distinctness lllake the perfection of apprehension has its only 
true place in philosophies which have long been extinct; and it is now 
time to formulate the method of attaining to a more perfect clearness 
of tbought, such as ,ve see and adn1Îre ill the thinkers of our own 
time. 
'Vhen Descartes set about the reconstruction of philosopllY, his 
first step was to (theoretically) permit sk{'pticislll anù to discard the 
practice of the school men of looking to authority as tIle ultimate 
source of truth. That done, he sought a more natural fountain of 
true principles, and professed to find it in the hUll1an nlind; thus 
passing, in the directest ,vay, from the lllethod of autllOrity to that üf 
apriority, as described in my first paper. Self-consciol1El1eFS was to 
furnish us .with our fnndan1ental truths, 311(1 to decide what "
as 
agreeable to reason. But since, evidently, not all ideas are true, he 
was led to note, as the first condition of infallibility, that tlH'y must Le 
clear. The distinction het"
een an idea seeming clear and really teing 
so, never occurred to him. Trusting to introspection, as he c1ic1,evcn for 
a knowledge of external things, why should }Ie question its testÏ1nony 
in respect to tIle contents of our own n1Ìnds? But tll(-u, I SU]lpOSe, 
8eeing 111en, .who scenled to be quitQ clear Hnd posith-e, hol<ling oppo- 
site opinions upon fnndanlcntal principlcs, }le ,vas further led to say 
that clearness of ideas is not sufficient, but that thëy need also to be 
distinct, i. e., to haye nothing unclear about thelll. \Vhat he prolJably 
meant by tlli
 (for he did not explain }limself \vith precision) \yas, that 
they lllust sustain the test of dialectical exanlination; that they nlust 
not only seem clear at tIle outset, hut tllat discussion 11ln
t nl
v('r be 
able to bring to light points of ohscurity connected with th<.'Jn. 
Such '\
as the distinction of Descarte
, and one sees that it was 
precisely on the level of his philosopllY, It "as sonle,,-hat develo]Jed 
by Leibnitz. This great and singular gellins ,,"as as relnarkalJle for 
wbat he failed to see as for wh:lt he sa\y. That a piece of IllecJlallism 
could not do work perpetnally without being fl,d ,vilb power in sonle 
form, ,,"as a thing perfectly apparent to J)im; yet he did not undc-r- 
stand that the lnachillery of the mind cnn only transform ]{llowledge, 
but never originate it, unless it be feù with facts of oLscryrrtiol1. lIe 
thus Illissed the most essential poiut of the Cartesian, plâlosophy, 
wJlich is, that to accept propositions ,,
hich scen1 perfeetly eyi..lent to 
lIS is a thing which , whether it l)c loaical or illorrical , we cannot hel l } 
......... ö 
 
doing. In
tead of rcganling the matter in this way, he 
oup;ht to re- 
duce the first principlcs of sci('ucc to fornnllas which ('annot he denied 
without self-contradiction, and was apparently una,va
'e of the great 
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difference h
t'Yeen hi8 position and that of Descartes. So he reverted 
to the old formalities of logic, and, above all, abstract definitions played 
a great part in his philosophy. It was quite natural, therefore, that 
on observing that the method of Descartes labored under the difficulty 
that we may seem to ourselves to have clear apprehensions of ideas 
which in truth are very hazy, no better remedÿ occurred to him than to 
require au ahstract definition of every important term. Accordipglr, 
in adopting the distinction of clear and distinct notions, he described 
the latter quality as the clear apprehension of everything contained 
in the definition; and the books have ever since copied his ,vords. 
There is no danger that his chilnerical scheme will ever again be over,- 
valued. Nothing new can ever be learned by analyzing definitions. 
Nevertheless, our existing beliefs can be set in order by this process, 
and order is an essential e]eluent of intellectual econon1Y, as of every 
other. It may be acknowledged, therefore, that the books are right in 
making familiarity with a notion the first step toward clearness of 
apprehension, and the defining of it the second. But in omitting all 
Inention of any higher perspicuity of thought, they silnply mirror a phi- 
losophy which was exploded a hundred years ago. That much-admired 
"ornament of logic "-the doctrine of clearness and distinctness- 
may be pretty enough, but it is high time to relegate to our cabinet of 
curiosities the antique bijo1.l, and to ,veal' about us sOlnething better 
adapte(l to modern uses. 
The very first lesson that we have a rigbt to demand that logic shall 
teach us is, how to make our ideas clea1'; and a lnost important one it 
is, depreciated only hy minds who stand in need of it. To know ,,
hat 
,ve think, to be masters of our own meaning, ,yill n1ake a solid foun- 
dation for great and w'eighty thought. It is most easily learned by 
those whose ideas are Ineagre and restricted; and far happier they 
than such as wallow helplessly in a rich ulud of conceptions. A 
nation, it is true, may, in the course of generations, overcome the dis- 
advantage of an excessi\'e "wealth of language and its natural con- 
conlitant, a vast, unfathomable deep of ideas. "Ve may see it in his- 
tory, slo,vly perfecting its literary forms, sloughing at length its 
metaphysics, and, hy virtue of the untirable patience ,,
hich is often a 
com})ensation, attaining great excellence in every branch ef mental 
acquirement. The page of history is not yet unrolled which is to tell 
us whether such a people will or 'will not in the long-run prevail over 
one ,,
hose ideas (like the ,,"'or<.1s of their language) are fe,,\ but which 
possesses a ,vonc1erful n1astery over those ,,
hich it has. For an 
individual, how"ever, there can be no question that a few ('leal' ideaR 
are worth more than nInny confused ones. A young mnn would 
hardly be persuaded to sacrifice the greater part of his thoughts to 
save the rest; :111(1 the 11luddled head is the least apt to see the neces- 
sity of sueh a sacrifice. 1Iim ,,"e can usually only cOlnmiserate, as a 
perso!l with a congenital defect. Time will help him, but intellectual 
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maturity with regard to clearness comes rather late, an unfortunate 
arrangement of K ature, inasmuch as clearness is of less use to a man 
settled in life, whose errors have in great measure had their effect, 
than it would be to one whose path lies before him. It is terrible to 
see how a single unclear idea, a single formula without meaning, lurk- 
ing in a young man's bead, "TiU sometimes act like an obstruction of 
inert matter in an artery, hindering the nutrition of the brain, and 
condemning its victim to pine a,vay in the funness of his intellectual 
vigor and in the midst of intellectual plenty. 1\lany a man has cher- 
ished for years as his hobby some vague shadow of an idea, too mean- 
ingless to be pORitively false; he has, nevertheless, passionately loved 
it, has made it his companion by day and by night, and Las given to 
it his strength and his life, leaving all other occupations for its sake, 
and in short has lived with it and for it, until it has become, as it were, 
flesh of bis flesh and bone of JlÍs bone; and then be has waked np 
some bright morning to find it gone, clean vanished away like the 
beautiful l\lelusina of the fable, and the essence of his life gone with 
it. I IJave myself known sllch a man; and who can tell how many 
histories of circJe-squarers, metaphysicians, astrologers, and what not, 
may not be told in the old German story? 


II. 


. 


The principles set forth in tIle first of t]lese pa!)ers lead, at once, 
to a method of reaching a clearness of thought of a far higher gradf' 
than the "distinctness" of the logicians. 'Ve haye there found that 
the action of thought is excited by the irritation of doubt, and ceases 
when belief is attained; so that the production of belief is the sole 
function of tl10ught. All these ,vords, however, are too strong for 
my purpose. It is as if I bad described the phenomena as t}ley ap- 
pear under a mental microscope. Doubt and Belief, as the words are 
comn10nly employed, rf'late to religious or other grave discussions. 
But here I use them to designate the starting of any question, no mat- 
ter how small or how great, and the resolution of it. If, for instance, 
in a horse-car, I pull out my purse and find a five-cent nickel and Dye 
coppers, I decide, while my band is going to the purse, in wllÍch way I 
will pay my fare. To call such a question Doubt, and my decision 
Belief, is certainly to use words very disproportionate to t1le occasion. 
To speak of such a doubt as causing an irritation which needs to be 
appeased, suggests a temper which is uncomfortable to the verge 
of insanity. Yet, looking at the matter minutely, it must be adlnit- 
ted that, if tllere is the least hesitation as to wheth('r I SlU1H puy the 
five coppers or the nickel (as tlJere will be sure to be, unless I act 
from some previously contracted habit in the matter), though irrita- 
tion is too strong a ",.on], yet I am excited to such 
mall mental activ- 
ity as n1ay.be necessary to deciding how I shall act. 1\lost frequently 
VOL. xn.-19 
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doubts arise from some indecision, bowever momentary, in our action. 
Sometimes it is not so. I have, for exaluple, to w'ait in a railway- 
station, and to pass tbe time I read the ad vertisenlellts 011 the walls, 
I compare the ad vantages of different trains and different routes which 
I never expect to take, merely fancying myself to be in a state of 
hesitancy, ùecause I am bored with }}aving nothing to trouble me. 
Feigned hesitancy, whether feigned for mere all1USeIDellt or with a 
lofty purpose, plays a great part in the production of scientific in- 
quiry. However the doubt may originate, it stimulates the n1Índ to 
an activity which may be slight or energetic, cahu or turùulent. 
Images pass rapidly through consciousness, one incessantly melting' 
into another, until at last, when all is over-it l11ay be in a fraction of 
a second, in an hour, or after long years-we find ourselyes decided as 
to how we should act under such circun1stances as those 'which occa- 
sioned our hesitation. In other words, we have attained belief. 
In this process 'we observe two so"rts of elements of consciousness, 
the distinction between which may best be luade clear by means 
of an illustration. In a piece of music there are the separate notes, 
and there is the air. A single tone l11ay be prolonged for an hour 
or a day, and it exists as perfectly in each second of that time 
as in the whole taken together; so that, as long 3R it is sounding, 
it nlÎght be present to a sense from which everything in the past 
was as completely aùsent as the future itself. But it is different with 
the air, the performance of which occupies a certain tinIe, during tbe 
portions of which only portions of it are played. It consists in an 
orderliness in the succession of sounds which strikf\ the car at differ- 
ent times; and to perceive it there must be some continuity of con- 
sciousness which makes the events of a lapse of time l)resent to us. 
'Ve certainly only perceive the air by hearing the separate notes; 
yet we cannot be said to directly bear it, for we hear only what is 
present at the instant, and an orderliness of succession cannot exist in 
an instant. These two sorts of objects, 'what we arc inZ1nediately 
conscious of and what we are mediately conscious of, are found in all 
consciousness. Some elements (the sensations) are completely pres- 
ent at every instant so long as they last, while others (like thought) 
are actions having beginning, middle, and end, and consist in a con- 
g ruence in tbe succession of sensations which flow throuo-h the mind. 
< 
 
They cannot be immediately pre8ent to us, but must co\rer sonle por- 
tion of the past or future. Thought is a thread of melody running 
through the succession of our sensations. 
" "T e m
y add that just as a piece of mnsic may be written in 
parts, each part having its own air, so various systems of relation- 
ship of succession subsist together between the same sensations. 
These different systems are distinguished by having different motives, 
ideas, or functions. Thought is only one such 
ystem, for its sole 
motive, idea, and function, is to produce belief, and 'whatever does 
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not concern that purpose belongs to some other system of relations. 
The action of thiuking may incidentally have other results; it may 
serve to amuse us, for example, and among dildtanti it is not rare 
to find those who ha\'e so perverted thought to the purposes of pleas- 
ure that it seems to ",ex them to think that the questions upon which 
they delight to exercise it may ever get finally settled; and a positive 
discovery which takes a favorite subject out of the arena of literary 
debate is met with ill-concealed dislike. This disposition is tbe very 
debauchery of thought. But the soul and meaning of thought, ab- 
stracted fronl the other elements which accompany it, though it may 
be voluntarily thwarted, can never be made to direct itself to,vard 
anything but the production of belief. Thought in action has for its 
only possible motive the attainment of thought at rest; and what- 
ever does not refer to belief is no part of the thought itself. 
And what, then, is belief? It is the demi-cadence which closes a 
musical phrase in the synlphony of our intellectual life. We have 

een that it has just three properties: First, it is something that we 
are aware of; second, it appeases the irritation of doubt; and, tbird, 
it involves the establishment in our nature of a rule of action, or, say 
for short, a !tabit. As it appeases tbe irritation of doubt, which is the 
motive for thinking, thought reIa.xes, and comes to rest for a moment 
'wben belief is reached. But, since belief is a rule for action, tbe 
application of which involves further doubt and further thought, at 
the same tin1e that it is a stopping-place, it is also a new starting- 
place for thought. That is why I have permitted myself to call it 
thought at rest, although thought is essentially an action. The final 
upshot of thinking is the exercise of yoIition, and of this thought no 
longer forms a part; but belief is only a stadium of nlent.al action, 
an effect upon our nature due to thought, which will influence future 
thinking. 
The essence of belief is the estab1ishment of a babit, and different 
lJeliefs are distinguif\hed by the different modes of action to which 
they give rise. If beliefs do not differ in this respect, if tbey appease 
the same doubt by producing the same rule of action, then no mere 
differences in the manner of consciousness of them can make them 
different beliefs, any more than playing a tune in different keys is 
v1aying different tnnes. Imaginary distinctions are often drawn 
between beliefs 'v hich differ only iu their mode of expression ;-the 
wrangling which ensues is real enough, however. To believe that any 
objects are arranged as in Fig. 1, and to believe that they are arranged 
in Fig. 2, are one and the same belief; yet it is conceivable that a man 
should assert one proposition and deny the other. Snch false dis- 
tinctions do as much harm as the confusion of beliefs really different, 
and are alnong the pitfalls of which ,,"e ought constantly to beware, 
especially when w"e are upon metaphysical ground. One singular 
deception of this sort, which often occurs, is to mistake the sensation 
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produced by onr own unclearness of thought for a character of t}Je 
object we are thinking. Instead. of perceiving that the obscurity is 
purely subjective, we fancy that we contemplate a qua1ity of the 
object which is essentially mysterious; and if our conception be after- 
,yard presented to us in a clear form ,,
e do not recognize it as the 
same, oWIng to the absence of the feeling of unintelligibility. So 
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long as this deception lasts, it obviously puts an impassable barrier 
in the way of perspicuous thinking; so that it equally interests the 
opponents of rational thought to l)erpetuate it, and its adherents to 
guard against it. 
Another such deception is to mistake a mere difference in the 
grammatical construction of t\VO words for a distinction bet"
een the 
ideas they express. 'In this pedantic age, when the general mob of 
writers attend so much more to \\
ords than to things, this error is 
COllllllon enough. \Vhen I just said that thought is an actio'll, and 
that it consists in a relat'ion, although a person performs an action 
but not a relation, which can only be the result of an action, yet 
there was no inconsistency in 'what I said, but only a grammatical 
vagueness. 
From all these sophisms we shall be perfectly safe so long as ,ve 
reflect that the whole function of thought is to produce habits of ac- 
tion; and that whatever there is connected with a thought, but irrele- 
vant to its purpose, is an accretion to it, but no part of it. If there 
be a unity among our sensations which has no reference to how we 
shall act on a given occasion, as .when ,ye listen to a piece of music, 
why \ve do not call that thinking. To develop its meaning, we have, 
therefore, simply to determine what habits it produces, for what a 
thing lneans is simply 'what habits it involyes. N O'\V, the identity of 
a habit depends on how it might lead us to act, not merely under such 
circumstances as are likely to arise, but under such as might possibly 
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occur, no matter how improbable they may be. What the habit is 
depends on when and how it causes us to act. As for the 'when, every 
stimulus to action is derived from perception; as for the how, every 
purpose of action is to produce some sensible result. Thus, we come 
down to what is tangible and practical, as the root of every real dis- 
tinction of thought, no matter how f'ubtile it may be; and there is no 
distinction of meaning so fine as to consist in anyt.hing but a possible 
difference of practice. 
To see what this principle leads to, consider in tbe light of it such 
a doctrine as that of transubstantiation. The Protestant churcbes 
generally hold that the elements of the sacrament are flesh and blood 
only in a tropical sense; they nourish our souls as meat and the juice 
of it ,vould our bodies. But the Catholics maintain that they are 
literally just that; although they possess all tbe sensible qualities of 
,vafer-cakes and diluted wine. But we can have no conception of 
wine except what may enter into a belief, eitller- 
1. That this, that, or the other, is wine; or, 
2. That wine l)ossesHes certain propertieH. 
Such beliefs are nothing but self-notifications that ,,'e should, upon 
occasion, act in regard to snch things as we believe to be wine accord- 
ing to the qualities which we believe wine to possess. 
l__'he occasion 
of such action would be some sensible perception, thë motive of it to 
produce some sensible result. Thus our action has exclusive reference 
to what affects the senses, our habit has the same bearing as our ac- 
tion, our belief the same as our habit, our conception the same as our 
belief; and we can conRequently mean notlling by wine but what has 
certain effects, direct or indirect, upon our senses; and to talk of 
something as l)aving all the sensible characters of ,vine, yet being in 
reality blood, is senseless jargon. N ow, it is not my object to pursue 
the theological question; and ha,?íng used it as a logical example I 
drop it, without caring to anticipate the theologian's reply. I only 
desire to point out how impossible it is that ,ve should have au 
idea in our minds which relates to anything but conceived sensible 
effects of things. Our idea of anything is our idc
 of its 
ensible 
effects; and if we fancy that we 11ave any other 'we deceive ourselves, 
ana mistake a mere sensation accompanying the thought for a part of 
the thought itself. It is absurd to say that thought has any llleaning 
unrelated to its only function. It is foolish for Catholics and Protes- 
tants to fancy thelnselves in disagreement about the elen1ents of the 
sacrament , if the y ao'r<
e in reO'ard to all their sensible effects, here or 
ð 0 
hereafter. 
It appears, then, that the rule for attflining the third grade of 
clearness of apprehension is as follows: Consider ,,-hat effects, which 
might conceivably lwve practical hearings, ,ve conceive tl1e object of 
onr conception to have. Then, our conception of these effects is the 
whçle of our conception of the o1)j('ct. 
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III. 
Let us illustrate this rule by SOlne examples; and, to begin with 
the simplest one possible, let us ask \vhat we mean by calling a thing 
!-tard. Evidently that it will not be scratched by many other sub- 
stances. The whole conception of this quality, as of every other, lies 
in its conc
iYed effects. There is absolutely no difference between a 
hard thing and a soft thing so long as they are not brought to the 
test. Suppose, then, that a diamond could be crystallized in the midst 
of a cushion of soft cotton, and should relnain there until it ,vas finally 
burned up. Would it be false to say that tbat diamond was soft? 
This seems a foolish question, and would be so, in fact, except in the 
realm of logic. There such questions are often of the greatest utility 
as serving to bring logical principles into sharper relief than real dis- 
cussions ever could. In studying logic we must not put them aside 
with hasty answers, but must consider them with attentive care, in 
order to make out Lhe l)ripcil)les involved. We may, in tbe present 
case, modify our question, and ask what prevents us from saying that 
all hard bodies remain perfectly soft until they are touched, .when 
their hardness increases with the l)ressure until they are scratched. 
Reflection will show that the reply is this: there would be no falsity 
in such modes of speech. They would involve a modification of our 
present usage of speech with regard to tbe words hard and soft, but 
not of their meanings. For they represent no fact to be different 
from what it is; only they i
volve arrangements of facts which "Tould 
be exceedingly maladroit. This leads us to remark that the question 
of what would occur under circumstances which do not actually arise 
is not a question of fact, but only of the most l)erspicnous arrange- 
ment of them. For example, the qnestion of free-will and fate in its 
simplest form, stripped of verbiage, is something like this: I have 
done something of which I am ashamed; could I, by an effort of the 
will, have resisted the temptation, and done otherwise? The philo- 
sophical reply is, that tbis is not a question of fact, but only of the 
arrangement of facts. Arranging them so as to exhibit 

hat is par- 
ticularly pertinent to my. question-namely, that I ought to blame 
myself for having done wrong-it is perfectly true to say that, if I lUld 
willed to do otherwise than I did, I should have done otherwise. On 
the other hand, arranging the facts so as to exhibit another important 
consideration, it is equally true that, when a ten1ptation has once been 
allow(Jd to work, it will, if it has a certain force, In'oduce its effect, let 
me struggle how I may. There is no objection to a contradiction in 
what would result from a false supposition. The reductio ad absur- 
dUln consists in showing that contradictory results ,vonld {onow fro In 
a hypothesis which is consequently judged to be false. l\Iany questions 
are involved in the free-will discw;;sion, aIle\. I 
un far from desiring to 
say that both sides are equally right. On the contrary; I an1 of opinion 
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that one side denies important facts, and that the other does not. But 
what I do say is, that the above single question was the origin of the 
,vhole doubt; that, had it not been fen: this question, the controversy 
would never bave ariscn; anc1 that this question is perfectly solved in 
the manncr which I have indicated. 
Let us next seek a clear idea of 'Veight. This is another very easy 
case. To say that a body is heavy means simply that, in the aùsence 
of opposing forcc, it will fall. This (neglecting certain specifications 
of how it wi1l1all, etc., ,vbich exist in the mind of the physicist who 
uses the word) is evidently tbe whole conception of weight. It is a 
fair question whether SOlne particular facts may not account for grav- 
ity; but what we nlean by the force itself is completely involved in 
its effects. 
This leads us to undertake an account of tbe idea of Force in gen- 
eral. This is the great conception which, developed in the early part 
of the seventeenth century from the rude idea of a cause, and C011- 
stantly improved upon since, has shown us bow to explain aU the 
changes of motion which bodies experienee, and how to think about 
all physical phenomena; which has given birth to modern sciencl>, 
and changed the face of the globe; and which, aside from its nlorc 
special uses, has played a principal part in directing the course of mod- 
ern thought, and in furthering modern social development. It is, 
therefore, "
orth some pains to comprehend it. According to our rule, 
'we must begin by asking what is the ilnlnediate use of thinking aboHt 
force; and the answer is, tbat "Te thus account for changes of motion. 
If bûc1ies were left to themselves, witl]out the intervention of forces, 
every motion would continue uncbanged both in velocity and ill 
direction. Furthermore, c}1ange of motion never takes place abrupt- 
ly; if its direction is changed, it is always through a curve without 
angles; if its velocity alters, it is by degrees. The gradual changes 
which are constantly taking place are conceived by geometers to be 
compounded together according to the rules of the parallelogram of 
forces. If the reader does not already kno\v ,vnat this is, be will find 
it, I hope, to his advantage to endeavor to follow the following ex- 
J}lanation; but if mathematics are insupportable to him, pray let hinI 

kip three paragraphs rather than tbat we should part company here. 
A path is a line whose beginning and end are distinguished. Two 
patl)s are considered to be equivalent, ,yhich, beginning at the Ban]ü 
point, lead to the same point. Thus the two paths, ABC .D E and 
A F G II E, are equivalent. . Paths which do not begin at the same 
point are considered to be equÍ\'alent, provided that, on moving either 
of them ,vithout turning it, Inlt keeping it alway
 paralld to its origi- 
nal})osition, when its beginning coincides with that of the other padl, 
the ends alfo coinciòe. PathB are considered as geometrically added 
toget1)cr, ,vhcn one bcgins 'where the otber ena
; thus tne p:tth A E 
is conceived to be a sum of .L1 B, B 0, 0 .1), and .D E. In the paral- 
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lelogram of Fig. 4 the diagonal A G is the sum of A Band B 0/ 
or, since A .D is geometrically equivalent to B G,....1 G is the geomet- 
rical sum of A B and A E. 




 E 
c 


FIG. 3. 


FIG. 4. 


All this is purely conventional. It simply amounts to this: that 
we choose to call paths having the relations I bave described equal or 
added. But, though it is a convention, it is a conventi
n 'with a good 
reason. The rule for geometrical addition may be applied not only to 
paths, but to any other things ,vhich can be represented by paths. 
N ow, as a path is determined by the varying direction and distance 
of the point 'which moves over it from the starting-point, it follows 
that anything which from its beginning to its end is determined by a 
varying direction and a varying magnitude is capable of being repre- 
sented by a line. Accordingly, velocit'ies may be relJresentec1 by lines, 
for they have only directions and rates. The same thing is true of 
accelerations, or changes of velocities. This is evident enough in the 
case of velocities; and it becomes evident for accelerations if ,ve con- 
sider that precisely ,,'hat velocities are to positions-namely, states 
of change of them,-that accelerations are to velocities. 
.The so-called" parallelogram of forces" is sÎ1nply a rnle for com- 
pounding accelerations. The rule is, to represent the accelerations by 
paths, and then to geometrically add the paths. The geometers, how- 
ever, not only use the" parallelogram of forces" to compound differ- 
ent acc3lerations, but also to 1'eso1\'e one acceleration into a sum of 
several. Let.Ll B (Fig. 5) be the path whicb represents a certain 
acceler2..tion-say, snch a change in 
the nlotion of a body tbat at the 
end of one secon(l the body,vilJ, 
under the influence of that change, 
B be in a position different from ,vbat 
it would have had if its motion 
bad continued unchanged such that 
a path eqnhralent to A B would 
lead from the latter position to the 
FIG. 5. former. This acceleratio
 may be 
considered as the sum of the accelerations represented by A G and 
G B. It may also be considered as the sum of the very different ac- 
celerations represented by A D and D B, ,V]1ere A IJ is almost tbe 
opposite of A O. And it is clear that there is an immense variety of 


c 
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ways in which .A B might be resolved into the sum of t,vo accelera- 
tions. 
After this tedious explanation, ,vhich I hope, in view of tbe ex- 
traordinary interest of the conception of force, may not have exhaust- 
ed the reader's patience, we are prepared at last to state the grand 
fact which this conception embodies. This fact is tbat if the actual 
changes of motion which the different particles of bodies experience 
are each resolved in its appropriate way, each component accelera- 
tion is precisely such as is prescribed by a certain law of Nature, 
according to which bodies in the relative positions which tbe bod- 
ies in question actually have at the moment/ always receive certain 
accelerations, which, being cOlnpounded by geometrical addition, give 
the acceleration which the body actually experiences. 
This is the only fact which the idea of force represents, and who- 
ever ,viII take the trouble clearly to avprehend wlJat this fact is, per- 
fectly cOlnprehends what force is. 'Yhether ,ve ought to say that a 
force is an acceleration, or tbat it causes an acceleration, is a mere 
question of propriety of language, which has no more to do \vith our 
real meaning than the difference between the French idiom "it fait 
fJ"oìd" and its English equivalent "It is cold." Yet it is surprising 
to see ho,v this simple affair has muddled men's minds. In how many 
profound treatises is not force spoken of as a "mysterious entity," 
,vhich seems to be only a way of confessing that the author despairs 
of eyer getting a clear notion of what the word means! In a recent 
admired ,york on" Analytic l\lechanics" it is stated that ,ve under- 
stånd precisely the effect of force, but what force itself is we do not 
understand! This is simply a self-contradiction. The idea which the 
word force excites in our minds has no other function than to affect 
our actions, and these actions can have no reference to force otber- 
,vise than through its effects. Consequently, if ,ve know what tbe 
effects of force are, .we are acquainted with every fact ,vhich is implied 
in saying that a force exists, and there is nothing more to know. The 
truth is, there is some vague notion afloat that a question may mean 
something which the n1ind cannot conceive; and when some hair- 
splitting philosophers have been confronted with the absurdity of 

uch a view, they have invented an empty distinction between posi- 
tive and negative conceptions, in the attempt to give their non-idea 
a form not obviously nonsensical. The nullity of it is sufficiently plain 
from the considerations given a few pages back; and, apart from 
those considerations, the quibb1ing character of the distinction nlust 
have struck every mind accustomed to real thinking. 


IV. 
Let us now approach tbe subject of logic, and consider a concep- 
tion which particularly concerns it, that of 'reality. Taking clcarne8s 
1 Possibly the velocities also haye to be taken into account. 
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in the sense of :f:1miliarity, no idea could be clearer than this. Every 
child uses it with perfect confiøence, never dreaming that he does not 
understand it. As for clearness in its second grade, however, it would 
probably puzzle most n1en, even among those of a reflective turn of 
mind, to give an abstract definition of the real. Yet such a definition 
nlay perhaps be reached by considering the points of difference be- 
t,veen reality and its opposite, fiction. A figment is a product of 
some body's ilnagination; it has such characters as his thought im- 
presses upon it. That whose characters are independent of how JOu or 
I think is an external reality. There are, however, phenomena "ithin 
our own minds, dependent upon our thought, which are at the same ti.me 
real in the sense tllat we really think them. But though their char- 
acters depend on how we think, they do not depend on what ".e think 
those characters to be. Thus, a dream has a real existence as a men- 
tal phenomenon, if somebody has really dreamt it; that he dreamt so 
and so, does not depend on what anybody thinks was dreamt, but is 
cOll1pletely independent of all opinion on the subject. On the otheF 
hand, considering, not the fact of dreaming, but the tl1Ïng dreamt, it 
retains its peculiarities by virtue of no other fact than that it 'was 
dreamt to possess them. Thus we may define the real as that ,vhose 
characters are independent of \vhat anybody Inay think them to be. 
But, however satisfactory such a definition may be found, it 'would 
be a great Inistake to suppose that it makes tbe idea of reality per- 
fectly cle3r. Here, then, let us apply our rules. According to them, 
reality, like every other quality, consists in the peculiar sensible effects 
which things partaking of it produce. The only effect ,vhich real 
things have is to cause belief, for all the sensations which they excite 
emerge into consciousness in the form of beliefs. The question there- 
fore is, ho,v is true belief (or belief in the real) distinguished from 
false Lelief (or belief in fiction). Now, as we have seen in the former 
paper, the ideas of truth and falsehood, in their full development, ap- 
pertain exclusively to the scientific method of settling opinion. A 
person who arbitrarily chooses the propositions which he will adopt 
can use the word truth only to emphasize the expression of his deter- 
Inination to hold on to his choice. Of course, the method of tenacity 
· never prevailed exclusively; reason is too natural to men for that. 
Bnt in the literature of the dark ages we find some fine examples of it. 
When Scotus Erigena is commenting upon a poetical passage in 'which 
hellebore is spoken of as having caused the death of Socrates, he does 
not hesitate to infornl the inquiring reader that llelleborus and Soc- 
rates were two eminent Greek philosophers, and tl1at the latter having 
been overCOlne in argument by the former took the matter to heart 
and died of it! What sort of an idea of truth could a nlan llave who 
could adopt and teach, without the qualification of a perhaps, an opin- 
ion taken so entirely at random? The real spirit of Socrates, who I 
hope ,vould have been delighted to have been "overcome in argu- 
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ment," because he would have learned something by it, is in curious 
contrast ,vith the naïve iùea of the glossist, for 'whou} ùiEcussion ,,'ould 
seenl to have been simnly a struggle. When l)hilosophy began to 
awake from its long slumber, and before theology completely dnmi- 
nated it, the practice seems to have been for each professor to seize 
upon any philosophical position he found unoccupied and 'which seemed 
a strong one, to intrench .hhnself in it, and to sally forth fro In time to 
tÏIne to give battle to the others. Thus, even the scanty records we 
possess oftLose disputes enable us to make out a dozen or more opin- 
ions held by different teachers at one time concerning the question of 
1l0lninalism and realisln. Read the opening part of the "Historia 
Cala
itatum" of Abelard, who ,vas certainly as philosophical as any 
of his conten1poraries, and see the spirit of cOll1bat which it breatùes. 
For him, the truth is simply his particular strol}ghold. When the 
method of authority prevailed, the truth meant little more than t})e 
Catholic faith. All the efforts of the scholastic doctors 
ne directed 
towa}'d harmonizing their faith in Aristotle :Ind their faith in tho 
Church, and one lllay search their ponderous folios through without 
finding an argument which goes any further. It is noticeable that 
,vhere different faiths flourish side by side, renegades are looked upon 
with contelnpt even by the party whose belief they adopt; so com- 
pletely has the idea of loyalty replaced that of truth-seeking. S:nce 
the time of Descartes, the defect in tbe conception of truth has been 
Jess apparent. Still, it will sometimes strike a scientific man that the 
philosophers have be ell less intent on finding out what the facts are, 
than on inquiring what belief is most in harmony with their system. 
It is hard to convince a follower of the a priori method by adducing 
facts; 1)ut sho'w him that an opinion he is defending is inconsistent 
w-ith what he has laid do,,"'n else,vhere, and be win be very apt to re- 
tract it. These minds do not seem to believe that disputation is ever 
to cease; they seem to think that the opinion ,,? hich is natural for one 
man is not so for another, and that belief wilJ, consequently, never be 
settled. In contenting themselves with fixing their own opinions by 
a metl)od which would lead anotl)er man to a different resuJt, they be- 
tray their feeble hold of the conception of what truth is. 
On the other hand, all the fol1o"rets of science are fully persuaded 
that the })rocesses of investigation, if only l)u
hed far enough, will 
give one certain solution to every question to which they can be ap- 
plied. One man may investigate the velocity of light by studying 
the transits of V" enus and the aberration of the stars; another by the 
oppositions of 1\13rs and tbe eclipses of Jupiter's satellite
; a third by 
the method of Fizeau; a fourth by t}lat of Foucault; a fifth by t11e 
motions of the curves of Lissajonx; a sixth, a sevent}l, ::in eightJ}, and 
a ninth, nuty follo,v the different llwthods of cOInparing the mea
ures 
of statical and dynan1Ïcal electricity. They l1UlY at first obtain ilif:' 
fèrent results, but, as each perfects his lllethod and his processes, the 
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results will move steadily together toward a destined centre. So ,vith 
all scientific research. Different minds may set out with the most 
antagonistic views, but the progress of investigation carries them by 
a force outside of themselves to one and the same conclusion. This 
activity of thought by which we are carried, not where we wish, but 
to a foreordained goal, is like tbe operation of destiny. X 0 modifica- 
tion of the point of vie\v taken, no selection of other facts for study, 
no natural bent of mind even, can enable a man to escape the predes- 
tinate opinion. This great la w is embodied in the c0nception of truth 
and reality. The opinion \vhich is fated 1 to be ultimately agreed to 
by all ,vho investigate, is ,vbat we Illean by the truth, and the ohject 
represcnted in this opinion is the real. That is the way I would ex- 
plain reality. 
But it may be said that this view is directly opposed to the abstract 
definition which we have given of reality, inasmuch as it makes the 
characters of the real to depend on what is ultimately thought about 
them. But the answer to this is that, on the one hand, reality is inde- 
pendent, not necessarily of thought in general, but only of \vhat you 
or I or any finite number of men may think about it; and that, on the 
other hand, though the object of the final opinion depends on what 
that opinion is, yet ,,
hat that opinion is does not depend on what you 
or I or any man thinks. Our perversity and that of others may in- 
definitely postpone the settlement of opinion; it might even conceiv- 
ably cause an arbitrary proposition to be universally accepted as long 
as the hUlnan race should last. Yet even that would not change the 
nature of the belief, which alone could be the result of investigation 
carried sufficiently far; and if, after the extinction of our race, 
another should arise with faculties and disposition for in\
estigation, 
that true olJinion must be the one which tbey \vould ultimately come 
to. " Truth crushed to earth shall rise again," and the opinion which 
\vould fina1Jy result from investigation does not depend on how any-. 
body may actually think. But the reality of that \vhieh is real does. 
depend on the real fact that investigation is destined to lead, at last, 
if continued long enough, to a belief in it. 
BItt I nlay be asked what I have to say to all the minute facts of 
history, forgotten never to be recovered, to the lost books of the an- 
cients, to the buried secrets. 


" Full many a gem of purest ray serene 
The dark, unfathomed caves of ocean bear; 
Full many a flower is born to b1ush unseen, 
And waste its sweetnes.3 on tbe desert air." 


Do these things not really exist because t1ley are }}opelessly beyond 
1 Fate means merely that which is sure to come true, and can nohow be avoided. It 
is a superstition to suppose that a certa.Ïn sort of events are ever fated, and it is another 
to suppose that the word fate can never be freed from its superstitious taint. 'Ve are 
all fated to die. 
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the reach of our knowledge? And then, after the universe is dead 
(according to the l)rediction of some scientists), and all life Las ceased 
forever, will not the shock of atoms continue though there will be DO 
n1ind to know it? To this I reply that, though in no possible state of 
knowledge can any number be great enough to express the I'elation 
between the amount of what rests unknown to the amount of the 
known, yet it is unphilosophical to suppose that, with regard to any 
given question (which has any clear meaning), investigation ,vould 
not bring forth a solution of it, if it were carried far enong}}. Who 
would have said, a fe\v years ago, that we could ever kno,y of what 
substances stars are made whose light may have been longer in reach- 
ing us than the human race has existed? '\Tho cnn be sure of what 
we sl}all not know in a few l1undrec1 years? Who can guess what 
would be the result of continuing the pursuit of science for ten thou- 
sand years, with the activity of the last hundred? And if it ,vere to 
go on for a nlillion, or a billion, or any number of years you please, 
how is it possible to say that there is any question 'which might not 
ultimately be solved? 
But it may be objected, "Why make so much of these ren10te con- 
siderations, especially when it is your principle that only practical 
distinctions have a meaning? " "Ten, I must confess tbat it makes 
very little difference 'whether we say that a stone on the bottom of the 
ocean, in complete darkness, is brilliant or not-that is to say, that it 
probably makes no difference, remembering ahvays that tlJat stone 
may be fished up to-morrow. But that there are gems at the bottom 
of the sea, flowers in the untraveled desert, etc., are propositions 
which, like that about a diamond being hard ,vhen it is not })resserl, 
concern much more the arrangelnent of our language Ulan they do the 
meaning of our ideas. 
It seems to me, however, that ,ve have, by the application of our 
rule, reached so clear an apprehension of what we mean by realitJ', 
ann. of the fact which the idea rests on, that we should not, perllaps, 
be making a pretension so presumptuous as it would be Ringular, if 
we ,,,ere to offer a metaphysical theory of existence for uniyersal 
accept3 nee among those "Tho employ the scientific method of fixing 
be1ief. IIowever, as metaphysics is a subject much more curious tba11 
useful the knowledO'e of wllich like that of a sunken reef, Rerves 
, 0 , 
chiefly to enable us to keep clear of it, I win not trouhle t1}e reader ,vith 
any more Ontology at thi8 moment. I }l3,Ve already been led nll1ch fur- 
tber into that path than I should have desh'ed; and I llaye given the 
reader such a dose of nlathelnatics, psychology, and all that is 1110st 
ahstruse, that I fear he may alrearly have left n1e, and tbat .what I am 
now wTiting is for the compositor and proof-reader exclusiycly. I 
trusted to the importance of the subject. There is no royal road to 
logic, and really valuable ideas can only he had at the price of close 
attention. But I know that in the matter of ideas the public pI'efer 
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the cheap and nasty; and in my next paper I am going to return to 
the easily intelligible, and not wander from it again. The reader who 
has been at the pains of wading through this month's paper, shall be 
reward cd in the next one hy seeing how beautifully what has bccn 
developed in this tedious way can be applied to the ascertainment of 
tbe rules of scientific reasoning. 
'Ve have, hitherto, not crossed the threshold of scientific logic. 
It is certainly important to know ho\v to make our i.deas clear, but 
they may be ever so clear without being true. IIow to mnke them 
80, we have next to study. Ho\v to give birth to those vital and pro- 
creatiye ideas which multiply into a thousand forms and diffuse thc'm- 
selves every\vhere, advancing civilization and making the dignity of 
n1an, is an art not yet reduced to rules, but of the secret of ,vhich the 
history of science affords some hints. 
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THE ARCHER-FISIIES.J 


By E. SAUVAGE. 


I N the elcgance and variety of their colors, in the splendor and 
- brilliancy of the tints with which they have been adorned by 
Nature, marine anilnals have no reason to envy the inhabitants of 
air; and if in the tropical regions of Africa and America the forests 
are embellished. by the presence of innumerable birds of gorgeous 
plumage, the Indian Ocean and the Antilles Sea possess countless 
legions of fishes that are more beautiful still, whose scales flash with 
all the colors of the metals and precious stones, wJÜle a thousand 
variecl ornamentations are traced in vivid colors on the general ton
. 
The animals kno-\vn to our colonists on the Antilles Islands under 
the names of IJen
oiselles, p01.tugais, Banclo'lllières, are, in this re- 
spect, not inferior to the most richly-adorned of fishes. Accustomed 
to keep near the shore, amid the rocks and in shallow waters, swim- 
ming swiftly and ever nloving, they are constantly reflecting the 
splendid colors w'ith which they are decorated. Rose-color, purpl
, 
azure, velvety-black, milk-white, are gorgeously displayed on their 
surface, in the form of bands, streaks, curved lines running in various 
directions, rings, ocenated spots. These colors stand out boldly on 
the surface of the body, w'hich furnishes a background of the richest 
nacreous tints of gold and silver, or of polished steel. 
In all of these fishes the body is compressed, and the vertical fins 
are covered 'with scales, .whence the nan1e Squarnipinnes, by which 
they are known to naturalists. The shape of the body is sometimes 
peculiar, and the buffalo or cow fish of the l\Ialays is one of tbe most 
1 Translated from the French, by J. Fitzgerald, A. M. 
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curious of the class, as ,veIl by reason of the protuberance and tbe 
sharp, recurved horns of the head, and the compressed and unequal 
spines of tbe back, as on account of the broad, yellow, green, and 
brown zebraizations 'which adorn the body. The jaws sometimes 
are armed ,vith n1Ïnute teeth 1ike the nap of velvet, as in the archer- 
fish; sOlnetimes these teeth are superseded by fine, compact, silky 
filaments, performing the same functions as the barbs of the whale-- 
they serve to strain the water and to retain the little allin1als on 'which 
the fish preys. The fishes of this class are the Cltætodon, with its rich 
colors; the IIolacanthus, which is perhaps the most beautiful member 
of the family; the Pomacctntl
us, known to our French colonists as Le 
Portugais (the Portuguese); and sundry others. 
Of tbe Ohætodons, some have the muzzle long and slender, formed 
ùy the bones of the jaw, ,vhich are united along nearly their entire 
length by a membrane, so that the mouth is simply an horizontal slit 
at the extremity of this cylinder, or elongated cone. The vertical 
diameter of the body is very great, and the upright fin of the back is 
high and scaly; the tail is cut square; the l)rQfile, which is concave 
in front of the eyes, rises almost vertical1y, so tbat the snout is about 
one-fourth the depth of the head.' These fishes, known under tþe 
name of Ghelmons, inhabit the Indian Ocean; naturalists distingui8h 
t \VO species, the beaked Ohebnon and the long- bf\aked Olleln
on (see 
the latter in Fig. 1). These species differ from each other not only in 
length of beak, but also in the nrrangelnent of the colors which adorn 
them. 
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In the beaked Cltel1non the body is greenish and iridescent; the 
fins are 
reen, 'with reflection of azure; :1 black spot, surroundeù by 
a pearl-white circle, is seen on the dorsal fin, in length about one- 
third that of the soft rays; five vertical stripes of azure-color, and 
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bordered ,vith a nacreous wbite line, adorn the body; one of these 
stripes crosses the eye obliquely; a second one, bisecting the nape of 
the neck, extends to the ventral fins; the next two mark tbe flanks, 
and the posterior stripe bisects the root of the caudal fin. 
The long-beaked Chelmon's body is yellow. Instead of the 
stripe crossing the eye, seen in the other species, 'we find on the ante- 
rior portion of the body a broad, blackish spot, triangular in shape, 
and tern1Ïnating in a point on the snout. This spot is bordered by a 
nacreous white stripe; tbe forehead is of azure tint, with a shade of 
sea-green; the eye is of a pure rose-color; a narrow stripe of black 
adorns the margin of tbe fins, which themselves are of mauve-coI8r; 
on the posterior part of the anal fin, near its edge, is seen a deep-black 
spot, encircled by a line of pearly white. 
The Cheln
on, particularly tbe beaked Chelmon, has been de- 
scribed by Schlosser, under tbe title of Archer-fish, in the "Philo- 
sophical Transactions." The animal is said to obtain its food in a 
peculiar way, and bence the names given to it by Schlosser (Jaculator) 
and by the Dutch colonists of the East Indies (Spuytvisch, pump-fish 
or spitting-fisb). 
Lacépède, following the narratives of travelers, tells us that the 
long-beaked Chætoclon "usually keeps near to the mouths of rivers, 
and especially frequents places where the water is not deep. It feeds 
on insects, especially such as Jive on the lnarine plants which rise 
above the surface of the sea. In taking them it resorts to a note,vor- 
thy manæuvre, ,vhich it is enaùled to perform by the very elongated 
form of tl'le snout; and a similar sort of manæuvre is perforn1ed by 
the Sparus insidator, the bellows-chæ'todon, and other fishes, ,vith 
very long, very narrow, and nearly cylindrical beak, like that of the 
animal we are now describing. 'Vhen the archer espies an insect 
'which it wishes to seize, but ,vbich is flying too high aboye the sur- 
face to be captured by leaping out of the water, it approaches as near . 
as possible to its prey, then it fills its mouth-ca ,,'ity with water, shuts 
its gill-openings, suddenly compresses its little slit of a mouth, and, 
ejecting rapidly the water through the very narrow tube which forms 
its snout, squirts it often to the distance of two metres, and that with 
such force that the insect is stunned and falls into the sea. The per- 
formance is so amusing that rich people throughout the greater part 
of the East Indies keep long-beaked Ghætodons in large vessels." 
Bloch, in his "Hh;tory of Fishes," which was published at the 
close of the last century, tells us, on the authority of l\Iynheer Hom- 
mel, inspector of the Batavia Hospital, that the bandoulière or beaked 
Ohætodon has a very singular .way of procuring food. "Observe," 
says Bloch, "how this fish ensnares the flies it discovers on the marine 
plants which project above the water. It approaches ,vithin four to 
six feet of the insect, and then squirts water upon it 'with snch force 
that it never fails to bring it down and make it its prey." l\Iynheer 
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IIommel himself made the following experiluent: He had a fe,v of 
these fishes placed in a large vessel containing sea-water. When 
they had become accustomed to this prison, lIe ran a pin through a 
fly, and made it fast to one side of th
 vessel. lIe then was so for- 
tunate as to see" these fishes vying with one another in their efforts 
to seize the fly, and continually t:;quirting little drops of water, with- 
out ever missing their aim." 
'Ve owe it to truth to add that Blecker, who resided so long in 
the Dutch Indies, and who is perfectly familiar ,vith the ichthyo- 
logical fauna of that region, not only finds in the habits of the ban- 
doulière no confirmation of tbis singular method of catching insects, 
but he never even heard it mentioned during his sojourn at Ba- 
tavia. "Certain it is," adds he," that at Batavia this species in- 
habits only the waters of the reefs of the little islands in tbe bay, an(l 
never visits the swampy and sandy beach in the vicinity of the capi- 
tal, or the mouths of the rivers." 
A fish belonging to the s:llne family-Squamipinnes-but classed 
in another group, has likewise received from Schlosser and Pallas 
the name of Archer. 
Four species, inhabiting the ,vaters of Polynesia and the Indian 
Archipelago, constitute this group of the Archers, or 1bxotæ. Instead 
of being more or less oval in shape, as is the case with the Ohætodo'ns, 
the body is here elongated, the line of. the back being nearly straight, 
while that of the belly is curved, so that the fish assumes a triangu- 
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lar shape. The distinguishing feature of these fishes is the backward 
position of the dorsal fin, which, relegated to the posterior part of tho 
body, is armed ,vith only three or four Fpincs (Fig. 2). The head, 
IJ'ing in the Rame plane ,vith the line of the back, is pointed; the eye 
VOL. XII.-20 
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iB large, and the mouth opens wiele. The brilliant colors of the Cltæ- 
todons, properly so called, are here "\'vanting; the body is olive-bro,vn 
or yellow, and bears broad, round, or oblong spot
, or vertical stripes 
of black color; the eye is rose-color and brilliant; the belly, silvery- 
white. 
According to Cuvier and Valencienne, "though the mouth of thi
 
fish differs immensely in its organization from that of GlwlJi
vn, it, 
too, can shoot drops of water to a great height, and can hit, w'ith 
almost unerring aim, insects and otber little animals on aquatic plants, 
or even on tbe herbage at the water's edge. The inhabitants of 
sundry regions in India," add these authors, "and particularly the 
Chinese in Java, keep these fish in their houses for the sake of the 
alnusement afforded by witnessing their performances, offering it ants 
and flies on a string, or on the end of a stick, brought within 
range. . . . The speçies is known in the Indian Archipelago under 
the 1\lalay name of ikanSUlnpit." 
Bleeker, in a recent 'work on the Toæotæ, tells us that at Batavia 
this fish is no longer kept, as it appears to have been a century ago, 
either by Europeans or by the Chinese. lIe further says that n
ither 
frOln Chinese nor fronl natives, whether at Batavia or elsewhere, has be 
been able to obtain any confirmation of the accounts ,vhich have been 
given concerning its skill in seizing its prey. According to hÏIn, the 
celebrity enjoyed by the archel'-fisb is undeser\yed, and rests upon a 
lnisapprebension; in short, he sho'ws fron1 the very texts of Pallas 
and Schlosser that Hommel's observation applies to the long-beaked 
Ghelinon, of which we have spoken above, and that like habits baye 
been gratuitously attributed to the two species, they baving been re- 
garded as generically identical.-La .4.Vatul'e. 
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By ELY VA
 DE WARKER, M.D. 
E VERY adult hUlllan being carries about with him an atmosphere 
of individuality. B,y this means is the gregarious anilllal called 
lllan enabled to preserve in himself such an isolation from the 11lass 
of his fellows that he can gain and hold "Thateyer lllay be his share 
of prosperity and remelubrance. In this in r livic1uality lie bis po.wers 
of offense and defense-th
 buckler and spear of his ego j and in it 
also is expressed tbe sum of his mental and physical traits in such a 
lnanner that, once having known, we may reIII cnl he]' hinl. There are 
two elements that enter into the formation of this distinctive and 
luemorable quality, mental and physical. These factors enter un- 
equally into the formation of this individual total. The element that 
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has really the least to do with that subtile force called character is 
the one by wlJÎch we chiefly recognize the man. This is the ensenlblecl 
physique, the mental picture .we have formed of the bûdily man; it is 
only by long association that .we come to speak of one by his mental 
traits, and can recall him to our minds, not by accidents of size, shape, 
complexion, but by tbe tone, manner, and quality, of the mental man. 
It is curious, however, to reflect that our chief means of mutual identity 
are the saIne as those by which we distinguish horse from horse, and 
dog from dog; and that such is the infinite variety in the merely phys- 
ical development of men, that this is sufficient for the practical affairs 
of life. In fact, it is not \vithin experience that two human beings 
e,Ter existed who ,vere so nearly alike that side by side they could 
not be distinguished. J But human individuality is separated from 
that of the brute by the refinement of a pllysical quality. This is 
called ternperament. Although temperaments are þurely of physical 
origin, yet their outlet is mainly found in the actions or the mental 
habits of the individual, and thus it is that temperaments, like charity, 
cover a multitude of sins. Even those who believe in the imma- 
teriality and separate entity of mind, do not hesitate to ascribe the 
fretfulness, fickleness, temper, and other mental shortcomings of their 
friends, to faults of temperament. This may in a measure be the result 
of habit, but I believe tbat there is about it the force of a truth that 
even the most spiritual of psychologists cannot escape. It exists as a 
physical medium, through which the mental Hfe sldnes forth, tinged 
and refracted by its passage. The old word expresses it, In.l'ìíl0'rS of 
the body, a mythical, potent, and subtile fluid, n1Íngling with tIle 
bodily substance, and rising, exhalation-like, iuto the brain, obscuring, 
revealing, exalting, and depressing the operations of the n1ind accord- 
ing as it is acting well or ill; as hypothetical as tbe interplanetary 
ether, yet as rea] as a fit of the blue devils. This was somewhat the 
old notion, and a well-fought battle-ground it ,vas, oyer which the sol- 
idists and humora1ists contended right gaUantly. A standpoint upon 
a solid basis of fact is to this day wanting from which we may S3Y 
they ,vere ,vrong. 
l\Iany of these old fathers in medicine fairly reveled in the idea of 
temperaments. It contained just enough of the mysterious to spur 
on their wonder-loving minds. Al1 tbere ,vas of fact about it, ho,v- 
ever, they brought out, and all that .we know about it they knew. 
We are to this day using their terms and classification, and have 
adiled nothing to thern. It stands as a fact in physiology Wll
ch we 
baye inherited from the remotest l)oundary of bistoricalll1edicine. 
The four qualities of Hippocrates were belicyed to be the origin 
of the ten1peraments. In moisture and dryness, in heat and cold, not 
fiR conditions of existence but as entities in life, were found the mate- 
1 Thcre are several remarkable cases of wonderfully close resemblance and mistaken 
identity on record, but none that stood thc test indicated in tbe text 
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rials that either singly or together formed tbe temperaments. They 
were combined tbus: hot and moist produced blood, hence tbe san- 
guine temperaments; cold and moist caused pblegrn or pituita, and 
frorn this tbe pblegrnatic or lymphatic; hot and dry produced yellow 
bile, and gave us the sanguine or choleric; and cold and dry caused 
black bile, which predorninating in the body resulted in the melan- 
cholic or bilious temperament. 1 In order to understand the profound 
reason involved in this it must be remembered that these four prima- 
ry principles of living bodies were believed to be compounded of the 
:5imple elelnents of N atnre. Here is shadowed, dinI1y it is true, ùut 
fronl tlie very depths of K ature, the theory of the correlation of forcès, 
and even evolution itself. Boerhaave was anlong the first who at- 
tempted to illlprove the classification of Hippocrates, and then fol- 
lowed Hoffm:lnn, Cullen, and Haller, 
rho, howevel' much reason they 
may bave had, failed to refine the rugged sinlplicity of the old Greek. 
Absurd as ,ve l11ay deenl. the incarnation of the four elements in tbe 
form of tempe;raments by Hippocrates to be, yet from the length of 
time this idea has prevailed, and the profound influence it has exerted 
upon science for centuries, ,ve may believe tbat it possessed the soul 
of truth that exists in things erroneous, as Herbert Spencer says. Not 
until 1757 ,vas anything like a scientific explanation given. The 
learned Haller was the first to give the four elements their final over- 
throw, and place the phenomena upon a pbysiological basis; 2 and 
even he failed to suggest any improyement in the old nomenclature. 
It is strong eviòence of the force that exists latently in old ideas tbat 
an modern attenlpts to extend tbe scope of the Hippocratic terms 
have never gained credit. Dr. Gregory renamed the temper
nnents, 
and added a fifth, .which he called the nervous, and which has been 
accepted and rejected a score of times; ,vhile it is a convenient term 
to use, it is true that it describes no tenlpenunent that may not be 
included under the old terms. Then caIne Dr. Pritchord, wbo re- 
ject
d the refonns of 1>r. Gregory, restored tbe original terms, and 
barely escaped calling hi
 predecessor lIard names. But the ten1pera- 
Inents, simple as they may seem, have afforded groundwork for a 
separate science-not formulated deductions from dry facts, but 
drawn warm fronl the mass of living, suffering humanity. Dr. W. 
B. Powell spent forty years of his life in the study, and at last evolved 
a "hunlan science" with ten cOlnpounds of temperaments with binary, 
ternary, and quaternary subdivisions.' If human science, as taught 
l)y Dr. Po,vell, be true, it ougbt to be the ceaseless study of every 
n1an and woman, taught along with the creed and catechism-which 
are the spiritual to this its earthly and carnate part-to the youngest 
child. Lurking in this science are more than Dantesque horrors, 


1 " De Natura Hominis," tom. ii., ed. Kühn. 
2 "Elementa Physiologiæ Corporis Humani," 1757. 
3 Journal of Human Science, Cincinnati, 1860. 
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which are liable to spring upon the nlost circuDlspect of us in the 
shape of physiological incest; as if in the decalogue and through the 
ingenuity of man there were not already more crimes than human 
nature can withstand, that we should be exposed to others we know 
not of. This physiological crÍ111e consists in the marital union of like 
temperaments. Human Rcience has revealed another latent offense, 
called sexual incompatibility, ,vhich, so far as I know, has not yet, 
in its sexual guise, obtruded itself ill the divorce courts. It is a 
standing rebuke to those who build imaginary sciences, .without a foot- 
hold in the solid world of facts, that, in giving their shadowy creations 
to the people, they are inviting the cold scrutiny of an aggregate 
COlnnlon-sense that never fails in time to separate the true from tbe 
false. 
But temperaments have been made to l}lay a more agreeable rôle 
in hlHllan affairs than in defining physiological crimes. In the historr 
of this physical attribute it is interesting to cite its literary aspects. 
Ben Jonson devoted ,,,,hole plays to the idealizations of individual 
tenlperament.s, in ,vhich a peculiarit)T ,vas made to play its part as a 
dramatis persona. The keen and careful analysis of the poet in 
character is immortalized in his play of "Every J\Jan in his Humor." 
Shakespeare proved himself a good physiologist as ,veIl as a good 
judge of a conspirator in contrasting Cassius, "lean and hungry," 
'with men "that are fat; sleek-headed men, and such as sleep 0' 
nights." In the earlier English noyels, telnperament was given a nlore 
careful study than in the lnodern scbool of light literature. Gold- 
smith proved himself an enemy of the humoral pathologists in saying 
of Olivia, in "The Vicar of "T akefield," that the temper of woman 
is generally formed from the cast of her features. Fielding, in his 
creative novel of "Tom Jones," speaks of temperan1ents in such a 
happy vein of his inimitable philosophy, that it is ,vorth quoting and 
remem bering: "I make no nlanuer of doubt," he says, "but that, in 
this light, we may see the Ï111aginary future chancellor just called to 
the bar, the arch bishop in crape, and the prime-minister at the tail 
of an opposition, more truly happy than those who are invested .with 
all the power and profit of these resl)cctive offices." A more perfect 
description of a sanguine man was never writteFl. N oyelists, as a 
rule, analyze temperalnents the opposite of their own in their ideal 
characters. Scott generally describes the bilious in his heroes and 
heroines, and is never purely realistic in describing the sanguine type 
to .which be belonged. Dickens is always happier ill his f('nude char- 
acters, and they are good specinlens of the sanguinC'. Dolly, the 
locksmith's dau o 'lJter is a ver y truthful } )ortrait of this type; while 

 , 
1\Iark Tapley, fmuous as the character lllay be, is an atrabilious, who 
is continually violating his pllysiology by being happy unclC'r the 
ver y circumstances that brin cr out the nnmixed nlisery of his dass. 
b 
Dickens himself was decirledly of the lynlphatic-a type he rarely 
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attempted in his creations. Ricbter, in "Hesperus," gives some very 
perfect studies of temperament; but the court physician in that novel 
is represented of his o\vn type. George Eliot never violates Nature 
in her felnale characters, who are generally described as bilious or 
sanguine; but the least said about her heroes the better. Dcronda 
is surely a mistake. He is first described as a good specimen of the 
sturdy, bilious man, and is transformed toward the close of the book 
into the extreme of the sanguine. 
To the scientific mind there is always something assuring when we 
ran leave the field of speculation and enter that of fact. I-Iere chemi- 
cal analysis brings to our aid positive reasons for a classification qf 
men and women according to temperaments. 1\11'. Rees/ quoting froln 
the researches of 1\1. Lecanu, gives us the material for constructing 
the following table. The figures are ratios to 1,000 parts of blood: 


TABLE I.-RATIO OF 'VATER, ALBU"YEN, AXD RED BLOOD-GLOB'CLES IN TßE BLOOD OF 
DIFFERE
T TEMPERAMEXTS. 


Fema les.. . . .. . . .. . . .. . . . . . . 
Mal es.. . . .. . . .. . . .. . . . . . . . . 


SANGUINE. LYMPHATIC. 
Water. 'Vater. 
'793.007 803.710 
786.584 800.5ß6 
Albun:en. Albumen. 
71.264 68.660 
65.85 71.701 
Red Globule.. Red Globules. 
126.990 11 7. 300 
136.497 110.667 


Females.. . . .. . . . . . . . . . . . . . . 

ales . .. . . . . . . . . .. . . .. . . . . . 


Females . . . . . . . . . . . . . . . . . . . 
Males.. . . .. . . . . . . . . . . . . . . . . 


DIFFERENCE. 


10.703 
13.982 


2.604 
5.851 


8.874 
19.830 


This proves conclusively that temperaments have their origin deep 
and unchangeably fixed in the organic life. Can we, in view of this, 
look doubtingly upon their potent influence on the current of thought 
and emotions ? Water, plasmic material, and tbe red blooc1-globules- 
the oxygen-carriers of. living boclies-rush to tbe brain in proportions 
fixed by the Jaw of temperaments; to one brain more, to another less, 
but ,vith differences sufficient to give vigor, vivacity, tenacity, and 
mental breadth to the action of one; wþile the other moveS more 
slowly, its mental life obscured by the sroa]]er proportion of lllind-food. 
There is one point about which the reader needs to bave a clear 
understanding. This is the difference bet,yeen temperament and 
idiosyncrasy. "Temperament is bui1t in a man, as bricks compose 3, 
well," says Dr. Southey; " his idiosyncrasy is developed according to the 
soil in which he is planted, the conditions under which he grows, and 
the tendency in him to varJr." 2 A man has his temperament as a birth- 
1 " On the Analysis of the Blood and Urine in Health and Disease," London, 1836. 
2 London Lancet, American edition, May, 1876. 
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right, his idiosyncrasy he acquires, changes, makes it subject to his 
,,
il1, or is ruled by it. The distinction is broader than this, ho,yeyer. 
Temperament is a race-attribute. It is distributed like plants accord- 
ing to latitude and altitude. The bilious is tropic; it thrives best 
near t.he equator. The lymvhatic belongs to the races of the Korth. 
Between these polar types are distributed races that monopolize tem- 
peraments as they do their language. The Celt is sanguine, the SaxoH 
lymphatic, the Gaul nervous, the Latin bilious. Thus, ten1perament 
is pandemic, while idiosyncrasy belongs to the individuaL 1\1. Begin 
calls the first "la variété organique Ia plus générale," and the latter 
"celle qui est plus restreinte." 
The tendency anlong recent writers upon physiology is to exclude 
the bilious, classing it with the nervous, and making three in place of 
four. This is the classification of 1\1. 1\Iichel Lévy.l I shall retain the 
bilio'.-ls, as being a term too con1nlonly used by learned and unlearned 
to be omitted from a popular description. 
The sanguine temperament presents marked physical traits. The 
mean height of the lllale is five feet eight and a IJalf inches, and of the 
female two and a half inches less. The head is small comparatively, 
the face is made square by a firm and angular lower jaw, the forehead 
is slightly sloping, the nose prominent; it has a determined, resolute, 
exacting look. Under thirty-five the figures of both sexes are sparely 
covered wìth fat, but withal Inuscular. The chest is large, measuring 
thirty-five inches in average girth, and the abdomen flat. The com- 
plexion is light, and is florid only by exception to the rule; the hair 
light, light brown, or auburn, and often curly. 
J'he mouth is usually 
large, the lower lip full, and tbe teeth are regular, with a slightly- 
yellow tinge, which indicates firm and lasting dentine. The sanguine 
are generally good caters and drinkers. All of the vital functions are 
active; the large chest-room, the vigorous henrt, the firm muscles, in- 
sure a bodily activity that keeps the operations of organic life in un- 
conscious and easy motion. Digestion, assimilation, excretion, and 
eliInination, work in harmony and with vigor. 
1\Ientally, this type is the reflection of its physical traits. TIle 
rich blood, by its active circulation through the brain, canses yÍ\-ia 
and active mental action. The general cast of tIle nlÍnd is never 
gloomy. The mental vision is outward rather than inward, and 8ee
 
things near or remote tinted by glowing, joyous colors, as through a 
prism. This mental outlook never ÏInplies profound insigJIt, or deep 
thought, or conscious indwelling. It is the surface of things tlult is 
studied with quick and transient glances of all tbat is pleasant, revolt- 
ing from the difficult or painful. The sanguine man, tberefore, learns 
quickly and knows a little of everything, and by his ready tongue and 
quick ,vit is good company-a thorough good fenow. He is brave from 
a sense of perfect muscular strengtb, loving sport and atbletic games. 
1 " Traité d'IIygiène." 
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lIe is quick to anger, but soon forgets wrong; a word and a blow, 
and oftentimes the blow first, are the features of his wrath. 
It is in medicine only that the temperalllents have practical Ï111- 
portance, if "re reject Dr. Powell's ne,v science. Sanguine people 
are })rone to acute diseases of the inflammatory type. Apoplexy, dis- 
eases of the heart and blood-vessels, hæmorrhages, acute fevers, pneu- 
monia, pleurisy, aud closely-allied disorders, are the fornls of dis- 
ease generally met with. Dl'. Southey assigns to this class the old 
idea of crises; that is, ill febrile diseases, at certain times, there .will 
be sudden losses of the fluids of the body spontaneously, by .which 
the diseased action secures a Hew outlet, and this is followed by a rap.id 
convalescence. These evacuations, if the temperanlent of the patient 
be understood, are never interfered with by the physician, as they are 
Nature's own efforts to throw off the disease. Rapid recovery, or a 
speedy fatal result, may generally be looked for among sanguine peo- 
ple. In this temperalnent the physical part of man reaches its most 
perfect expression; the body is here in even balance ,,"ith the brain. 
Such a combination as that of persistent intellectual effort with a 
typical sauguine tell1perament is rare. Prof. J ûhn 'Yilson (Christo- 
pher North) is an exaluple of this, and of ,vhich there is scarce another 
illustration in literature. This teIl1peralnent, finding its pnrer expres- 
sion in a near approach to human anÏInalisln, ,vith soul and boay 
adjusted and evenly poised, a happy mingling of mind and matter, 
Iflust surely have 1een the type of the l\Iiltonic man. The fancy can- 
not paint hinl other than this, and believe him capable of contend- 
ing ,,
ith the dangers, obstacles, and unrelenting hardships, of his 
life. Of this type have the sailors, colonists, soldiers, "and explorers, 
generally been-all Inen who lead in the battle ,,"ith Nature's ob- 
stacles. 
In the lymphatic telnperament we have a direct antithesis of the 
sanguine. Typically, the lymphatics are heavily framed, the liInbs 
are clunlsy and large-jointed, awkward and slow' in movement. This 
i:3\ due to the thickness of the articular surfaces of the long bones, and 
this also explains the large wrists and ankles; the head is large, the 
face unanÏlnated, thick-lipped, pale, and with large features, the ex- 
pression listless and apathetic; the eyes are blue or gray, the hair 
'white, blond, or light auburn, and abundant. The 11lale figure is be- 
tween five feet eight inches and six feet two ÎJ.)ches in heigl)t, the 
íemale fiye feet six or nine inches high (Southey), and such are t11e 
l)roportiol1s that a person of this temperament rarely Ineets the artis- 
tic ideal of human beauty. The texture of the flesh is soft and flab- 
by, and generally ahundant, the muscles sIllall and slow in their 
developnlent. Puberty is late in its :.!ch'ent; this is but a charac- 
teristic, ho,vever, of the slow and deliberate mann('r of the general 
development. Functions are slowly perforIncd and not evenly hal- 
anced; the fluid secretions too abundant, the ab
orbents inactive 
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in comparison: thus, the figure has the deceptive a})pearance of a 
superabundant nutrition. This is a one-sided nutrition, the appropri- 
ation of fatty Jnaterial to the neglect of the solid, motor Juachillery of 
brawn and nluscles. 
The mental traits 
een1 to take direction and tOIle from the bodily 
characteristics. The passions move slowly and are easiJy kept under 
control, in marked contrast to those of the sanguine man who has 
no nlore control than is sufficient to keep hitl1 within the not too 
narrow lin1Ïts of the social barriers. Fron1 the moderate cl110tional 
development there is little need of energetic ,vill-power. ""'-here the 
moral qualities have any chance of growth aHd exercise they are 
always" good people," orthodox, and conservative. The mind acts 
slo,vly, but is very retentive, 'logical and sound in its conclusions. 
They are persistent in their undertakings, honorable in their affairs 
'wit1 other 111en; c011lmonplace and con11110n-sensc goyern then1 in 
their daily life. They are apt to be dull companions, hut constant 
and steadfast friends. 
This temperan1ent is founel in its 11108t perfect forn1 nmong men; 
WOlllen rarely show it uncrossed, especially as it easily blends 'with 
other temperan1ents. There is no doubt l)ut in this type there are in- 
herent defects of histological structure. Dr. Southey says it is due to 
a too exuberant vegetative cell-life. Whatever n1ay be the radical 
cause, persons of this type are weak in vital energy, and short-lived. 
'rhey are the usual subjects of structural changes, such as sCl'ofula, 
phthisis, and articular rhenn1atisl11, and in whom these Inorbid pro- 
cesses sho"'
 the largest ratio of mortality. It ,yill be noticed that 
these are diseases ,vith a marked hereditary force. It would be inter- 
esting to study how much of this heredity exists in the morbid processPf::, 
or in the temperament itself, which offers a fair field for their onset. 
Nature exerts herself in a more eccentric manner in the nervous 
tenlperament. I-Iere've find greater variety in the phJTsical signs, find 
diversity in the mental traits. Typical instances of the nervous ten1- 
peranlent are not good specin1ens nllatomically. In stature they are 
belo,,
 the average, the bones f'll1all and ]ightly covered ,,-ith flesh Ï11 
both sexes up to n1Ïddle life. Tho head is lnrge and covered with not 
over-abundant dark-brown or black 11air; the eyes are dark, the skin 
dark, sallow, and pale; pigmentation of the skin is more abundant 
than in any other temperament, ,y11ile the cuticle is hot, dry, and fil'n1. 
The muscles are small ana compact. rersons of this tClnperaUlent 
are capahle of sudden outlays of great strength, but the lllu
cles do 
not work in harnlony, the moven}(
nts being oftclltÏInes irregular. 
The ,vant of nervous coürdination is a Inarked trait, and tells upon 
their efficiency in any occupatioll requiring trained and accurate 
touc11. Dr. Southe
T explains this hy what })e calls cerebro-central 
preoccupation, which nleans that the hrain and spinal cord are slo,,
 
in receivieg and responùing to the "-allt
 üf different and rC1Dote 
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parts of the body. This is further shown in the unequal distribution 
of the circulation, the head being often hot while the feet are cold, or 
the extremities are cold while the body maintains a nearly febrile tenl- 
perature. 'rhe heart beats more rapidly than in other temperaments, 
or is attended with nervous irregularity in its action. Functionally thc 
nervous temperament is liable to serious complications; the liver is 
one of the organs more liable to acute derangement-not, however, 
in the direction of over but rather that of under action. Digestion 
is a delicate function, the merest trifles interfering with its proper per- 
formance. A leading trait of the nervous temperament is the mutual 
reaction between it and the vital glandular functions; thus sudd
n 
mental or nervous iInpressions will upset the whole glandular nla- 
chinery, or serious mental or nervous disturbances result from causes 
acting in the opposite direction. 
If we were to' select anyone quality as the leading trait of the 
mental constitution of this type, it would be the great emotional 
tension. The emotions often usurp the place of higher faculties, and 
reason, judgment, and the sense of right or wrong, are biased or re- 
l)laced by emotional qualities. They have an acute sense of right 
or wrong, but they are disposed to give it a personal rather than a 
vicarious application. They have an extraordinary capacity for both 
pleasure and misery, and the nervous man may be said to be under- 
going one or the other through life, never kno,ving what it is to be in 
the happy mean of negation. They are never contented with their 
surroundings for any great length of time, but chafe and fret against 
their fate, no matter how happy it may seem. They have great fixity 
of opinion, and but little respect for that of others; and are prone to 
find a particular antagonism in persons of their own temperament. 
The sexual emotions arc unduly developed, oftentimes giving tone to 
the character, or acting with explosive violence. Persons of this type 
are not among those who form the grand aggregate of tbe conser,'"ative 
opinion of society, the il1flexihle and implacable character of which 
we all know, and which upon the en10tional tension of the nervous man 
often reacts harmfully rather than well. Typical instances of this 
temperament are confined to the male sex, tbe other sex usually show- 
ing a cross with the sanguine or bilious. 
This temperament does n
t show a liability to any class of disease, 
but gives its own characteristic reaction upon the disease itself. From 
the ascenc1ency of the nervous system in the physical and mental 
COlllposition, diseases of the nerves are very liable to appear, but not 
as a prinlary derangement any more than as a complication grafted 
upon some previously-existing disease. N er,'"ous headache, neuralgia, 
epilepsy, insomnia, and hysteria, are among the nervous affections 
most liable to appear, either as primary or seconòary derangements. 
'Vitb this class it is difficult to give an opinion as to the result in any 
serious disease (prognosis), as they often die of diseases that in other 
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tempernments are deemed trifling; and then again, on the contrary, 
make most surprising recoveries. With them tbe will-power is often- 
times an clement in the recovery, throwing off disease by the deter- 
mination not to yield to its influence. There is no doubt but that this 
temperament is more liable to Inental derangement than au)"" other; 
the great emotional intensity and the difficulty of moral control lay- 
ing the mind open to causes that tend to produce insanity. l\lany of 
the nervous constituents of this type belong to the biJious tempera- 
nlent. 'Ve have but to tone down the nervous excitability of the fÌ}:st 
by an addition of the phlegm of the lym})hatic, and add flesh to the 
spare, nervous figure, and ,ve have the bilious temperament. In its 
typical phase, the subject is apt to be grave, taciturn, even morose; 
mind and body move slowly but surely, not eccentrically, but by de- 
termination and conviction. Persons of this tcmperanlent arc rc- 
markable for infl3xibility of ,vill, sound judgment, strong convictions, 
abiding affections, and great love for those dependent upon them. 
The study of the relations of tenlperaments to developn1ent and 
vitality is one of great interest. 'Vhile we know tolerablJ7 well t]]eir 
reaction with disease, and the groups of diseases that are liable to 
cluster round them, we bave but fe"\v facts bearing upon the nornlal 
relations of the temperaments to vital capacity. There are many diffi- 
culties in the way of this study. In tbe first place, we bave no unit 
of measure or conlparison, and, in tbe next, it is difficult to collect the 
facts. In a very remarkable work consisting mainly of tabulations 
of a vast number of data relating to anthropollletry, or the measure- 
ment of men, I discovered facts tbat throw considerable light upon 
this subject. During the late war of the rebellion the provost-mar- 
s11al-general had to pass upon the fitness for militåry service of a vast 
nUIl1ber of conscripts. The results of over a nlillion exan1Ïnations arc 
embodied in two massive quartos, by Dr. J. II. Baxter, late chief 
nledical officer of that bureau of the \Var DelJartment.1 Fronl the 
elaborate statistical table of Dr. Baxter, I am able to construct a fc'w 
tables that throw light upon some of the nlore obscure relations of 
temperaments. The facts embodied in tbe tables are picked out h('re 
and there fronl this mass of tabulation ; while the figures have suffered 
no manipulation, except such as may be necessary to arrive at mean 
values. 
A ,vorò as to the value of complexion as indicating temperament. 
A light color of the hair and skin, and blue or gray eyes, instead of 
indicating anyone temperament, define broadly a group of two-the 
sanguine anù lymphatic. A sallow or dark cOll1plexion, 'with black 
eyes and hair, indicates the bilious and nervou
, and in this country, 
among natives, probably an excess of the latter. If, for the 
ake of 
narrowing the dark-haired group, ".e adopt the more modern cJassifi- 
J U Statistics) :Medical and Anthropological) of the Provost.)Iarshal-General's Bu- 
reau." By J. ll. Daxter, ,A. Y., :M. D. Washington, D. C., 1875. Two ,"ols., 4to. 
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cation, and ignore the bilious ten1perament, ,,
e have in this class only 
the nervous, ,vhile in the :first group 'we have both the sanguine and 
lymphatic, with no nlenns of separating them, except t})at the na- 
tional characteristic sho,,
s an excess of the sanguine over the lym- 
phatic, probal)ly about the ratio of three to one. 
TABLE H.-VITAL CAPACITY AS I
DICATED BY RATIO OF CHEST-ExPAXSIOX OF OVER THREE 
IXCHES FOR ALL HEIGHTS TO CmIPLExIOX. Based upon the examination of 190 621 
American-born white men accepted; expressed in ratios of 1,000. ' 


GIRTH OF CHEST AT EXPIRATIOX. 


IT nder 29 inches.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
29 and under 31 inches.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
31" "33 ., .............................. 
33" "3::> " . . . . . . . .. . . . . . . .. . . . . . . . . . . . . . 
35" "37 " . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . 
3 '1 inches and over.. . . . . . . .. . . .. . . .. . . .. . . .. . . . . . . . . . 
Total number of men accepted.. .. .................... 


LlGHT.l DARK.
 
3.588 1.1,11 
37.654 15.285' 
98.387 46.906 
103.015 56.605 
46.255 26.793 
12.676 7.151 
126,445 64,176 


Table II. shows the relation of chest-expansion to conlplexion. 
The range of chest-movement, while it canllot be deemed an abso- 
lute measure of vitality, which must be regarded ratl)er as the stun of 
organic and functional action than the degree of perfection in any 
one set of organs, yet may be fairly assnnlcd to bear a close rela- 
tion to the general vigor of the system that defines the quality of 
vital activity. A free chest-expansion Ï1nplies a large consun1ption of 
oxygen, a corresponding degree of force and activity in the circula- 
tion of the blood, and this, in its turn, calls for a large delnand for 
food, 'with a proportional muscular vigor. In the table, a chest-expan- 
sion of over three inches is taken as the basis of cOlnparison, for the 
reason that, at an expansion less than this, men of impaired strength 
may be included. It is but necessary to glance at the table in order 
to understand aU that is ÍInplied by it-that size and 111uscnlar vigor 
of the sanguine and lymphatic greatly exceed these conditions in the . 
nervous. 


TABLE lH.-RATIO OF DISEASES TO COMPLEXION. 


DISEASES IN GEXERAL DIV"lSIO
S. 



 umber examined, K limber eXl'\mined, 
117,O
D. 217,292. 


General diseases. . . . .. . . . . . . . . . . .. . . .. . . . . . . .. . . .. . . . 
Diseases of the nervous system... . . .. . . .. . . .. . . .. . . . . . . 
Diseases of the circulatory system.. . . .. . . . . . . . .. . . .. . . . 
Diseases of tbe respiratory sYRtem... . . .. . . .. . . . . . . .. . . . 
Diseases of the di
estive system.. . . . . . . . .. . . .. . . . . . . . . . 
Diseases of the urinary system.. . . . . . . . . . . .. . . .. . . .. . . . 
Diseases of the generative sy:;:tem . . . . . . . . . . . . . .. . . .. . . . 
Diseas
s of the organs of locomotion. . . . .. . . .. . . .. . . . . . 
Diseases of the cellular ti5Rues 3. . . . . . . . . .. . . .. . . .. . . . . . 
Diseases of the cutaneous sy::;tcm. . . . .. . . .. . . .. . . .. . . . . . 


DARK. 


LIGHT. 


Ratio per 1,000. Ratio per 1,000. 


26.8:57 
11.322 
30.SRI 
9.271 
87.978 
1.871 
6.392 
30.334 
0.752 
11.638 


31.552 
12.366 
36.614 
10.902 
9:5.894 
2.467 
7.713 
37.180 
1.063 
11. 860 


1 Blue or gray eyes; light hair. 2 Black or hazel eyes; dark hair. 
S This division includes abscess and obesity onl)". 
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In Table III. ,ve have the ratio of disease to complexion. In this, 
the light complexions sho,v their nlarkec1 predisI)osition to skin-dis- 
eases; and, not,vithstanding their free lung-expansion, show a nearly 
equal liability to diseases of the respiratory organs with tllOse of dark 
skins. The light men prove their greater glanùular and muscular ac- 
tivity by their excess over dark in diseases of the digC'stive, circula- 
tory, and locomotor systems; while the dark group, altllough com- 
posed largely of men of nervous telnperament, nearly equal the light 
in frequency of nervous disease. It is interesting to note that, in the 
same table from \vhich Table III. is compiled, Dr. Baxter gives the 
total of dark men rejected for all diseases at 38,916, and of the light, 
83,700, a difference rather less than that indicated by the mean differ- 
ence as exhibited in our table. In general diseases, which include 
fevers, infectious diseases, and all others not confined locally, we find 
the light men leading the dark by a difference only equaled by their 
excess over the latter in diseases of the digestive system. This is 
due, I think, in a great nleasure to the predisposition of the sanguine 
to diseases of the febrile or inflammatory type, as has been already 
mentioned. 


TABLE IV.-RATIO OF DEFORMITIES TO COMPLEXION. 


Numbet' eXI!.mined, Number eXlUIlined, 
117,129. 217,321. 


DEFORMITIES. . 


DARK. LIGHT. 


Ratio per 1,000. Ratio per 1,000. 


Curvature of spine. . . . .. . . .. . . .. . . . . . . . . . . .. . . .. . . . . . 
A trophy of IÏ1nb.. . . .. . . . . . . . . . . .. . . .. . . .. . . . . .. .... 
Club-foot. . . . .. . . .. . . .. . . . . . . . . .. . . .. . . .. . . .. . . . . . 
'\V rv-neck . . . .. . . .. . . . . . . .. . . .. . . .. . . . . . . . . .. . . . . . . . 
Deficient 
izc of chest. . . . .. . . . . . . . . . . . .. . . .. . . . . . . . . . 
Deformitv of chest.. . . . . . . . . . . . . . . .. . . .. . . .. . . . . . . . . . 
Loss of lÎm h .. . . . . . . .. . . ., . . .. . . . . . . . . . . . .. . . . . . . . . . 
Defects or defOl'mities of hand.. . . . . . . . ., . . .. . . . . . . . . . . 
Defects or deformities of foot. . . .. . . . . . . . . .. . . .. . . .. . . . 


4.110 
3.640 
1.128 
0.103 
11. ì 00 
2.128 
0.598 
7.032 
8.605 


4.874 
4.303 
1.579 
0.143 
17.405 
2.996 
0.68& 
7.699 
9.899 


Table IV. gives an idea of the ratios of deforn1Ïties in the two 
groups, and, ,vhile not proving much 
ither way, presents a few facts 
of great interest. It will be observed that the physical defect 'which 
shows the greatest differf\nce, and tbat in favor of the dark class, is 
deficient size of the chest. In view of the fact that 1ight Tuen exhibit 
a larger range of chest-expansion, this excess in the defectiye size of 
the chest is unlooked for. The other chest-defect is deformity, in 
which the difference in ratio in the t\VO gronps is only about. .18. The 
fltct that t,vo classes are made in the chest-deformities leads n1e to 
snppoF:e that the defornlities are cong{\nital, or the result of defective 
developnHmt in childhood; while the deficiency in size is tl)(
 result 
of di
ease or injury later in life. Tllis supposition opens the way to 
3.n explanation of tbe pbenomenon. O,\
ing to the greater liability of 
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the light, or partly sanguine group, to active inflammations, a potent 
factor in causing tbis deficient size of tbe chest is intiaulnlation, 
mainly pleurisy and pneumonia, and, as a not uncommon result, a 
. collapse of one, or both, of the chest-'walls. This theory is the only 
one that offers a reasonable explanation of a very remarkable sta- 
tistical result. The increased ratio in both groups, but notably 
in the light, of defects or deforIl1ities of the feet rather than of 
the hands, w bile ha vil1g no relation to the difference of temper- 
ament, sbows the careful way in ,vhich Nature protects the natural 
weapons of human beings-the hands. It confirms, in a broad ,vay, 
,vhat has probably been noticed by the observant reader, that qe- 
forn1Ïties of the lower are more frequent than those of tbe upper 
extremities. 
These few figures, taken from Dr. Baxter's vast collection of sta- 
tistics, if not demonstrating anything positively, have at least the 
merit of not proving too much-a COlllmon fault of figures, if we are 
to believe the anti-statisticia1]s. They are Important, however, in 
showing the direction in 'wbich the study of temperaments nlay be 
pushed in order to give practical results. Social reformers, so called, 
human-science men, and less respectable students under various names, 
have used temperaments as their physiological basis for "\"dde]y differ- 
ent theories. To one who is content \vith marriage as establisheò by 
la\v, society, and religion, it is a suspicious circumstance that this is 
the social relation that has sustained the most detenuined assaults. 
The physiological attacks have been made in the interests of nlar- 
riage-reform, "natural marriage," and of no marriage at all. While 
there is very strong evidence showing that intermarriage between re- 
lations tends to tbe deterioration of the off.'Spring, there are hardly 
any facts showing that the matrimonial union of healthy perso1]s of 
like temperaments has the same effect. It is true that social theorists 
assert the contrary, but they do so without considering that the inter- 
marriage of kin, from ,vhich they draw their chief arguluents, is 
surrounded by conditions that cannot exist in the i1]termarriage of 
like tenlperaments. That there are deep-lying l)bysiological reasons 
against the union of relations, ,ve need go 1]0 fllrt}ler than the oft- 
quoted fact of the sure impairment of the stock of donlestic animals 
from inbreeding, to establish. Whatever the source of this gradual 
impairment may be, it is wanting in the nlarriage of those ,vho are 
allied only by similarity of temperament. In the absence of condi- 
tions that are necessary to render the arguments drawn from analogy 
valid, the advocates of the theory of physiological incompatibility are 
obliged to fall back upon facts having a direct bearing, and. they have 
in this field, as yet, reaped no harvest. There is, however, in the hu- 
man fan1ily a sort of natural selection existing, that rend.ers a nlarriage 
bet,veen parties of like temperal11ent not an ordinary occurrence. 
Both Dr. Ryan and :Thlr. Walker, in their ,vorks on marriage, 'refer to 
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the common tendency of one sex to seek the opposite temperarueH t ill 
the other. But, upon the subject of Inatrimony, even in its l)hysio- 
logical relations, society unwittingly does very well. 


.... 


THE IOE AGE. 


By L. P. GRA TAC AP, PH. B. 


A T the end of that long course of geological ages, from the Ar- 
chæall to the Tertiary, which built lll) tbe solid portions of the 
earth in their present configuration, geologists now universally recog- 
nize, in the evidence before them, the presence of 3. remarkable and 
stupc.,ndous period-a period so startling that it might justly be ac- 
cepted with hesitation, were not tbe concp})tion unavoidaùle before a 
series of facts as extraordinary a
 itself, and which, partaking of its 
astonishing character, are explained upon no sinlpler hypothesis. This 
era is known as the Glacial. It was an era which luts left its traces in 
unn1Ì::;takable lllonuments over the surface of either hen1isphere, and 
written its history in no less explicit characters upon their rocks. It 
,vas an epoch of arctic rigidity, when the tenlperature of the earth 
had become so lowered that the cold regions of citlJer pole alternately 
,vere pernutted to extend their previously contracted circles over the 
temperate latitudes, and to envelop with a universal and prodigious 
mantle of ice the lands which once, beneath milder suns, had been the 
home of an abundant and tropical vegetation. The skirts of that 
glacial sea ,vhich perennially spreads its icy and resplendent surface 
over polar lands had then: by a favorable conjunction of solar and 
terrestrial influences, been expanded so widely, that to within the lati- 
tude of 39 0 north íts frigid folds hid the surface of the earth, 'while 
below the equator a similar period seenlS to have left scarcely less 
visible traces alnid the forests and pampas of South America. The 
evidence which has established the actual presence of these arctic con- 
ditions over a great portion of our earth is com111ete and irrefragable, 
and, aided by the contenlporaneolls study of Alpine glaciers and the 
Greenland icebergs, we can draw conclusions as to the nature and the 
succession of events which these conditions occasioned. 
It was Agassiz who first insisted, perhaps almost ,vith trepidation, 
tbat Central Europe, England, Scotland, and Ireland, had been buried 
beneath thousands of feet of solid ice; that from the nlountain-tops 
of Scandinavia., the Grampians of Scotland, the Lake Hills of ,England, 
and the 
umn1Ïts of the l\Jp
, had proceeded vast rivers of ice ,vhoRe 
confluent seas had 8"
ept over Europe, and l)elleath their resistless, 
cea
dc
s, and perpetual advance, grooved it"\\ itlt valleys, channeled 
the courses of its rivers, engraved its rocks, scooped out its lakes, and 
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scattered their burden of débris far and ,,
ido over its plains. The 
conception was a bolù, ahnost a terrifying one; and, because the actual 
history and nature of glaciers ,vas so little kno,,-n, it was regarded 
with aversion and spoken of "rith contempt. Agassiz had laboriously 
studied the glaciers of the Alps, he had conned the lesson they taught 
w-ith eager apprehension of its great significance, and be kne,v so ,veIl 
every characteristic of their work that he instantly recognized abroad 
the same indelible evidence of their past presence. 
Venetz, Rendu, and Charpentier, had preceded him in glacial 
study, andllad insisted upon an extension of the Alpine glaciers far 
beyond their present heds in past ages, but had not realized the )m- 
meuse utility of these views in explaining the glaciated surfaces of 
Europe. Forbes, Hopkins, and Tyndall, succeeded hiln in the investi- 
gation of glacial physics, and by their close scrutiny into the constitu- 
tion of ice" and the la.ws of ice-Inaking and glacial motion, fairly 
established a ne,v department of physical science, and added confir- 
Ination to the views of Agassiz. 
Now, let us examine sonlO of these singular and hitlÚ
rto inexpli- 
cable records, which elicited Agassiz's theory, and which, long before 
they were harnlonizec1 by that assumption, hail been attentively ex- 
alnined by geologists and explained upon other grounds. Further- 
lnore, we will review them "yithout reference to the tbeory of glacial 
action, and only subsequently cOlnpare them with the effects now being 
produced wherever glaciers and icebergs are at work. 
The rocks as they lie in place, the flanks and summits of 1110un- 
tains to heights of 5,000 and 10,000 feet, and tIle surface
 of out- 
cropping nlasses oyer inlmense areas of the world, are all gauged in 
long, straight channels, sometimes a foot deep, sometilnes eight feet 
deep, ,vith widths from two to three feet
 These groove
, of all di- 
mensions, pass over the rock in groups like Inouldings, and tIle rocks 
they OCellI' upon are polished and oftentinles lustrous. The channels . 
diminish in size to the faintest striæ, which, like sharp scratches, cover 
the surface, running along at times in parallel series, or diverging in 
different directions, as though the great prin1Ïtive plane had varied 
its course over thenl, scouring ,yith exquisite fineness. 
These lines and runnels score the rocks over the N ortl1ern United 
States and Canada, throughout Europe, in Asia, and oyer the shores 
of South America. \Ve discover ahnost instantly that in the same 
region they have the same direction; that they seem, as it ,yere, to 
stream with us from the north; and that, wherever other scores con- 
travene this, these secondary markings are thenlselves harmonious, 
indicating some subsequent action npon the rock, in character :-:ilnilar 
to the first, though varying in its Inotion, and probably restricted in 
its extent and hnportance. Thus the scores upon the rocks of New. 
England point northwest and southeast, and only local derangements 
disturb this prevalent direction. The easting increases as ,ye progress 
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to the ocean, reaching its maxÍ1num in 
Iaine and the borders of Can- 
ada; while, as w'e retire from the margin of the States, 'we observe 
that the scratches and grooves acquire a north-and-south direction, 
becoming nearly meridional over 1\ cw York, and then slowly swing 
round to the west, until in Ohio, Indiana, Illil1ois, l\lissouri, and the 
,vestern limits of the continent, they lie poilltiug northeast and south- 
west. Thus they assunle a rudely-outlined radiation from tIle high- 
lands of Canada, anù stretch out froll} an hypothetical centre there 
like the multiplied spokes of fi great wheel. In Switzerland they 
sweep do\vn and out from the central ranges of tbe Alps in all direc- 
tions, and, while locally uniforln, tl}ey converge from the soutl}, and 
east, and north, and west, toward the lofty slopes and pinnacles of 
this congeries of mountains. Over '" est Russia and Northern Europe, 
"7here the markings are discovered, they indicate tlle Scandinavian 
mouutains to have been the seat of wllatever disturbance or agency 
has, at a distant period, fluted and engraved the continent; sin1Ï]arly, 
as the rocks lie related to the IIighlands of Scotland, tbe Lake IIilIs 
of England, or the mountains of "... ales, the striæ impressed upon them 
extend toward every 110int of the com})ass. They strealn north and 
south from the summits of the I>yrenees, from the peaks of the Cau- 
casus, and down the valleys of the Himalayas. It must be under- 
stood, however, tllat these concln
ions arc based upon an average of 
the bearings of the grooves in each instance, and tllat these are infi- 
nitely varied by thc construction allc1 irrt-'gularity of the lan(l 
Thus over greater })ol,tions of the 'world we find the rocks fur- 
rowed, poIiRhed, and striated, in long, frcqu( nt]y deep and l'ectilÍllear 
grooves, 'which lie in groups and series identical in direction, and 
pointing to associated }}ighlands, or distant continental n10untain- 
ranges, as the source of whatever strange and inexorable instru- 
mentalities ha\c produced them. Over K ew York Island tbe 
gneissoid and granitic rocks, wlJCre tlley raise their tiltc'd strata 
and hroken shoulders above the ground, are scol'('d frequently ,,'ith 
deep and sinuous channels. In Central Park, along Fifty - ninth 
Street, up the we
t side, the cOl1torteù and twisted }}UnlpS of gneiss 
are 1110ulded in this w'ay. Sometimes, when} a rupture exists, and one 
part of an outcrop has fallèn belo,v tl)e othrr, the grooves are C011- 
tinued on the lower half; frequently the lines arc crowdC'd together 
like rulings on a page, and again the grooyc is ()f irregular depth, its 
floor rising and falling as though hitches had occurred wIJen it "Y3S 
first planed, the great chisel meeting resistal1ce, or bC'ing thro"Yll up 
at points along its path. In the ""rhite 
Iountains the sides of the 
mountains, the valleys, t11C top of l\lount 'V 3shington, nt 5,000 f('et 
above the sea, arc all cut with these strange furrow
, the roc1\:s pol- 
ished, and the wbole country bearing these evit1rnce
 of past erosion 
wherever the naked rock Ineets the eye. Over l\Iaiho the same p}}('- 
nomena present tl1enlse}ves in enåles
 succession, the grouves striping 
VOL. XII.-21 
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the country, and losing themselves in the sea along the coast, while 
they corrugate the borders of the innumerable bays, and the waHs of 
the deep fiords that indent the shores. These furrows can be traced 
for miles across the country, cutting the three ranges that lie between 
Bangor and the sea almost at right angles, traversing these highlands 
as though they were level surfaces, dipping beneath the sea, and re- 
appearing upon the sideR of l\lount Desert, to be again lost in the 
,vaters of the Atlantic. Unquestionably, over tbat sea-floor, could we 
follow their tracks, the saIne furrows continue to tIle verge of the con- 
tinent "rhich lies miles out to sea"
ard, when the steep edge of the 
land falls precipitately to the true bottorn of the ocean. Over.the 
'v
 est, throughout Canada, and upon the ancient rocks of the Great 
Lakes, these evidences of past erosion exist upon an enormous scale. 
As a rule, these striæ indicate a planing surface advancing from the 
north, and, though a second series may occur, as upon the islands of 
Lake Erie, from east to west, whose furrow's obliterate the first in- 
scription, such phenomena are local merely, and infrequent. Again, 
npon the Sierras, the tops and declivities of the ranges are scored and 
engraved with the indelible signatures of past erosions, and the rocks 
of the barren wastes of British America are signalized in the same 
manner. So much for striæ: we perceive their universal presence, 
and their marked reference to the north, or elevated regions which 
dominate over level plains. 
The second feature of tbis epoch, designated by common consent 
the Drift, is a series of surprising facts, evincing, throughout all this 
deeply-scored and paneled country, the past presence of extraordinary 
transporting agencies. 'Ve find rocks of enormous size, in some 
instances ,veighing 3,000 tons, planted in fields and lowlands, or 
strewed over hills and moors, where no rocks lie in })lace, sunken in 
the soil where the lithology of the district is entirely distinct, 
,,"'hile that of the monoliths themselves is identical with rock many . 
miles northward. These gigantic bowlders, Titanic mementos of the 
past, are scattered over Central Europe, oyer Germany, RoHand, and 
Russia, are identical in character, and can have no nearer origin than 
in the mountains of Scandinavia. Some of these blocks of stone are 
of incredible dimensions, and are accompanied by innumerable smaller 
ones that lie over tbese districts as if flung in sport by some pre- 
Adamite Antæus. They have served the most useful purposes in the 
flat countries through which they are founò, being used for buildings 
of every description, and their smallest associates have helped to 
pave the high,vays he tween Hamburg, l\lagdeburg, aud Breslau. Ac- 
credited in ruder times to the malevolent agency of man's spiritual 
foes, they ,,"'ere called devil-stones,. but Science, recognizing their dis- 
tant origin, has named them erratics, and the Germans, more })ictu- 
re
quely, 'It'an,àe'J.e}"t
. Not only are they found upon level and loamy 
lands, utterly unaccountable except by tlle assumptions of transpor- 
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tation, but they are also di
cover(1d capping tbe cHffs of mountain- 
chains, hanging bf the side of deptlls, over which they must have 
been carried, and into which, by tIle Nemesis of destiny, they are now 
doomed to fall. The J nra l\Iountains, north of the great valley of 
Switzerland, and opposite the western or Berne
e Alps, along the fron- 
tier of France, are thus studded with these bowlders, some of tbem 
containing 50,000 to 60,000 cubic feet of stone. These have come fron1 
tbe Alps; they are crystalline rocks, gneiss, and granite, and they lie 
upon ridges of limestone. They are virtually nothing less than dis- 
located fragments of those abraded and decreasing hills perched 
upon the Jura cliffs. Prof. Guyot has placed, beyond all doubt, their 
home upon the summits and sides of the Swiss Alps, and shown that 
they have attained their present eminence by a positive carriage fron1 
these original localities. This position has indeed been made impreg- 
nable by a protracted and laborious sur,'ey of innulnerable " \vander- 
ers" found upon the Juras, whose lithological ch.aracter identified 
theIn \vith the Alpine formation, while it served to trace tIle prollable 
path of their transmission. These blocks hayc been found at eleva- 
tions ranging from 2,000 to 3,500 feet above the sea, and in Carinthia 
similar erratics have been described at great elevations, proceeding 
from an opposite quarter of the Alps. 
In North America, and especially througbout the K orthern States, 
the bowlders are numerous, often of great size, and indicating transits 
of many Iniles. Over the Eastern, 
Iiddle, and Northwestern States, 
bowlders, that have emigrated from distant points to the north- 
ward, occur in such ahundance that they may almost anywhere be 
found if the inquirer ,viII only examine the country he pas
es over. 
Upon Alonnt l{atahdin, in the l\Ioosehead region of 
Iaine, stones can 
be seen, lying over 4,000 feet above the sea, fossiliferous in th{'ir na- 
ture and comin a from northern sites; wbile toward l\Ionnt Desert , 

 
masses, some forty to fifty feet in height, are sprinkled every,vhere, 
and, as in the case of the Dedhaln granite distributed to the south, in- 
variably show northern origin. Tn Berkshire County, 
Iassac1nlsetts, 
these traveled rocks lie in long alignments, pa
sing over the Lenox 
IElls, and extending in a generally southeasterly direction for fifteen 
or twenty miles, and have been filched from the Canaan and Rielllnoncl 
flins across the line in N e\v York, being of chloritic slate, with angu- 
lar' specimel1s of limestone intermixed. Some granites fron1 V ernlont, 
on the west of the Green l\Iountains, have been lifted over these bar- 
riers and transferred to the southern marginR of l\Ia

achusetts: wlliJe 
in Vermont a howlder weighing oyer 3,400 tons, and known as tIle 
Green l\Iountain Giant, has been drifted from the Green l\Iountains 
easterly across the valley of ,the Deerfield niver, and plnllted 500 
feet above that stream. In )[ichigan, nenr the )IenonJonee River, a 
field upon the northern slope of a monntain is densely covered with 
howlders, so that a n1Íle can be traversed \vithout O
lce touching tIle 
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ground. Again, huge nuggets of copper, torn from the immense de- 
posits of native copper at Keweenaw Point, Portage Lake, and the 
Ontonagon district, on the southern shore of I..ake Superior, are found 
widely disseminated to the soutb of these localities in 
Iichigan,'Yis- 
consin, Ohio, and l\Iinnesota, a few of ,,-hich have weighed 300, 800, 
and one 3,000 pounds. From the sides of the 'Vhite l\Iountains frag- 
ments of rock have been carried aw.ay, and not only conveyed south- 
,yard, but, as Agassiz first pointe
 out, distributed northward, though 
only at conlparatively slight distances. I...ông Island, that narrow 
fork of land running eastward and separated from the southern shore 
of Connecticut b)" the Long Island Sound, a shallow and turbul
nt 
trough, is lined, alike on its 80utbf'rn and northern edges, with bowl- 
ders, "rhile its backbone of low hills is also strewed with their déb1.is. 
They occur gathered together in groups forming topographical feat- 
ures in the landscape, and single ones bave a weight of 2,000 tons. 
..As regards their origin, they seem to have drifted from three localities, 
frùm the Helderberg 
Iountains in Central New York, from l\Ianhat- 
tan Island, and fronl various points in Rhode Island, Connecticut, and 

Iassachusetts. Those about the west end of t11e island may be 
traced to the Eastprn States lying to the north, while many of the 
,vestern visitors appear to have approached along the valley of the 
IIudson froln the IIighlands of K ew York. On Staten Island we may 
trace still fartl1er the current of traveled rocks, and find both centres 
of emigration represented: the bowlders, now gray with lichens, half 
emerging frOln the soil, or deeply buried beneath gravel, clay, and 
s:tnd, or else disperseò in colonies over the surface like pebbles on a 
hoard. 
Iar.hattan Island, along its southern shore, has been àotted 
with bowhlers of serpentine, drRgged from Hoboken, while gneiss and 
anthophyllite from the bed-rock of the island, limestone from I{ings- 
bridge, and jasper from the Palisades, baye likewise been sown across 
it, though before the restless ad\'ance of population they are fast dis- . 
appearing. . In Westchester, Putnam, and Orange Counties, along the 
banks of the IInòson, these bowlders, all indicating northern extrac- 
tion, are repeat('dly found, frequent ly at heights of 1,000 feet. These 
erratics have come from the Shawangnnk l\lountains, from 'VhitehalI, 
Essex County, and from Potsdam; in short, tl1ey are witnesses of an 
invasion of northern material prevalent over the State. That these 
rocks belong northward is not difficult to proye. The reasoning is 
simply this: When anthophyllite, for instance, a rock unknown in 
si:u to Lon
 Island, appl-'ars there in broken and detached masses, 
we must conclude it belongs to the nearest deposits of the same rock, 
where it occu..s in place, as upon l\lanhattan Island, and the horn- 
blendic rork, the gneiss, trap, and iron-ore, similarly found on Long 
Islanil, ,ve refer t.o those conspicuous and well-known localities in Con- 
necticut and Rhode Island where exactly these rocks, identical in 
ch
mical composition, arc quarried. 
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In the West the same tale is repeated. Throughout OLio, bowl- 
ders are found '\vhich are composed of rock utter]y foreign to their 
present surroundings; inùeed, of material not known ,dthin the limits 
of the State. These are found percheJ. over declivities, ùuried in the 
soil with their exposed edges sho'\v"ing above the surface, or el
e lying 
unencumberecl in slight depressions of the ground. In Indiana, 
l\Iichigan, Illinois, 'Visconsin, etc., tlu:y are omnipresent, :Jnc1 the 
streets of Cincinnati are paved with the smaller sp<?cimens that 
crowd in exhaustless trains upon the footsteps of their larger com- 
panions. In short, ,ve gather the irrefragable testimon)T, wherever we 
look for it, through our Northern States, through Europe and Asia, 
and even along the western coast of South America, t113t some im- 
nlense force has been exerted in times p3
t, not only to dislocate and 
shatter the rocky barriers 'which opposed it, but also to carry away 
the evidences of its. ravages, and scatter them in its southward 
movement far removed from their place of origin. Further, let it be 
remarked that, though one class of these erratics is COID!)osed of angu- 
lar and unworn stones, another yields bowlders that l1ave undergone 
severe attrition, and along their larger axes 3re striated and polished; 
bearing in mind, moreover, that the direction of thcir transit coin- 
cides with that of the furrow's and flutings in the same region, we 
may strictly conclude that they are a feature also of tbe sanle exces- 
sive and gigantic system of erosion. 
But there is another appearance which we believe vitally con- 
nected with these, and one of a yet broader and n10re significant char- 
acter in its general relations than they arc. Over Scotland, England, 
Ireland, Scandinavia, Denmark, Central Europe, Switzerland, RU5
ia, 
France, Spain, and in North and South America, in short, whereyer 
we discover bowlders and grooyed surfaces, ,ye find a deep and 
h3r- 
acteristic deposit, not the worl{ of alluvial formations or recent detri- 
tus, for it underlies these, but the record of a vast disintegration 
which, having planed and corroded the continents, bas covered the 
land with sheets of grayel, clay, silt, and sand, all intermixed with 
stones and bowlders, variously combined in their order of succession, 
and ranging in depth to over 300 feet. These immen
e beds furnish 
gravel for roads and ballast, sand for glass-making and mortar
, and 
clay for pottery; their included stones and fragnlents are scored 
and em broidered with fine and interlacing striæ, and they cover t1H
 
furrowed surfaces of either hemisphere for miles. 
They represent the acculllulated ".ear and tear of continent
, 
under some extraordinary agent of er08ion and denudation, whoso 
teeth have resistlessly ground upon the solid rocks of the hills and 
highlands, hiding disfigured surfaces beneath a covering of ruin. 
Long Island is itself but one long dirt-heap: an acc\l1nulatC'd pi]e of 
continental dé'J1
i8, sand, clay, grayel, intermixed and oyerlaid Ly 
bowlders, is here gathered together into a more or less stratified state, 
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as if, in an enormous denudation of K ew England, the aggregated 
Inaterial, scoured froIn its hills and valleys, had been dropped just 
upon their outskirtl'3 in this long detrital balTo,v or mounJ. Yet 
over New England this sanIe deposit is \vide-8pread; it lies up and 
down the valleys, it forms the terraces of its rivers, the shores of its 
lakes, anù, spread over the face of the land, is frequently the inlmedi- 
ate soil beneath the feet. This member of the geological series) 
exhibiting various phases in its deposition, from the bowlder-clay 
to the lake-ridges, is \videly distributed, indeed is universal oyer the 
Northern States, and as far south as 40 0 north latitude extends its 
sheets and centres of pebbly and sandy deposit in mounds and 
ridges, themselves capped with accidental bowlders, and resting upon 
the furrowed and seamed surfaces of the rock beneath. Sometimes 
they may be found collccted in heaps and walls at the foot of the 
polished rocks, as if silent and incontrovertible witnesses of their 
severe and prolonged erosion. 
In Scotland it is the till, a stiff clay interspersed with polished 
stones, crowding down the valleys and prevalent over the lo,yer 
slopes, varying in its lithological character with the character of the 
surrounding rocks. Gravel and sand beds are intercalated with it 
and superimposed upon it. Tn England, Ireland, Scandinavia, Swit- 
zerland, we discover identical strata-strata which, .while yielding dif- 
ferent subdivisions, in their entire extent are the same thing, and only 
varied according to the local force and extent of the wearing agent, 
tbe local peculiarities of the country over ,vhich it operated, and the 
effect which submergence beneath the sea had in redistributing- and 
rearranging the beds of detritus already laid down. In the sequel 
we shall more particularly revert to tnis drift-material, and indicate 
the part it has played in the ecolJomy of our landscape-changes; ho,v 
it constitutes the terraces of our ri,.eJ's and the successive beaches 
of our Great Lakes, and how it has choked up the former courses of 
rivers, forcing them to find new ones by larger and circuitous deflec- 
tions. Associated with this phenomenon are the appearances known 
as crushed ledges and roches 1noutonnées, both of which testify to 
tbe exertion of enormous pressure-the one of pressure continuous 
and progressive, the other, perhaps, of percussive and intermittent 
attacks. 
Orushed ledges designate those p1icated, overthrown, or cur,.ed 
exposures where parallel laminæ of rocks, as talcose schist, usually 
vertical, are bent and fractured as if by a nlaul-like force battering on 
them from above. The strata are oftentimes tumbled over upon a 
cliff-side like a row of books, and rest npon heaps of fragme!lts broken 
away by the strain upon the bottom layers, or crushed off from their 
exposed surfaces. Roches moutonnées are those rounded and swelling 
prominences, often s
en in a landscape, \vhich, when examined D10re 
closely, show themselves to be truncated masses of rock "Those asperi- 
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ties have been smoothed away by tbe same agency which has planed 
the rocks everywhere. Only the roches moutonnées have been left 
furrowed and scratched upon one side, ,vhence tbe abraaing and 
engraving too] advanced, but upon the other uDscored, and hidden 
beneath a tail of fragments ground from their opposite slopes. The 
significance of this we shall see later. 
Tbus, imperfectly described, we have reviewed the most prominent 
features of a comparatively modern period, viz., the widely-grooved 
and polished condition of northern rocks, especially hard-grained rocks, 
which retain these impressions; the occurrence of wandering bowl- 
ders, transported longer or sborter distances from their primitive 
sites, and the detrital matter from continental abrasion deeply bury- 
ing the rocky face of the country, and in ridges, mounds, and sheets, 
extending east and west, and along the greater water-courses, 
stretching itself down into the Southern States in irregular tails and 
. projections. 'Ve will now venture to examine the theories advanced 
to explain these singular phenomena, and describe that one which 
best açcounts for these facts, with many correlated ones, offering an 
hypothesis which rationally secures their complete and harmonious 
agreement. 


... 


TEACHINGS OF A DAY. 


By LOUISA S. BEVINGTON. 


MORNING. 


W HAT'S the text to-day for reading 
Nature and its being by 
 
There is effort all the morning 
Through the windy sea and sky. 


All, intent in earnest. grapple, 
That the All may let it be : 
Force, in unity, at variance 
With its own diversity. 


Force, prevailing unto action: 
Force, persistent to restrain: 
In a twofold, one-souled wrestle, 
Forging Being's freedom-chain. 


Frolic! Bay you-when the billow 
Tosses'back a mane of spray 
 
No; but haste of earnest effort; 
Nature works in guise of play. 
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Till the balance shall be even 
Swings the to and fro of strife; 
Till an awful equilibrium 
Stills it, beat8 the Heart of Life. 


What's the text to-d
y for reading 
Nature and its being by 
 
Effort, effort all the morning, 
Through the sea and windy sky. 


AFTER
OU:Y. 


PURPLE headland over yonder, 
Fleecy, sun-extinguished moon, 
I am here alone, and ponder 
On the theme of Afternoon. 


Past has made a groove for Present, 
And what fits it is: no more. 
Waves before the wind are weighty; 
Strongest sea-beats shape the shore. 


Just what is is just what can be, 
And the Possible is free; 
'Tis by being, not by effort, 
That the firm cliff juts to sea. 


With an uncontentious calmness 
Drifts the Fact before the "Law; " 
So we nan1e the ordered sequence 
We, remembering, foresaw. 


And a law is mere procession 
Of the forcible and fit; 
Calm of uncontested Being, 
And our thought that comes of it. 


In the mellow shining daylight 
Lies the Afternoon at ease, 
Little wining ripples answer 
To a drift of casual breeze. 


Purple headland to the westward! 
Eb bing tide and fleecy moon! 
In the "line of least resistance" 
Flows the life of Afternoon. 



TE
lCHIJ.VGS OF A DAJr. 


'l'WILIGHT. 


GRA.Y the sky, and growing dimmer, 
And the twilight lulls the sea; 
Half in vagueness, half in glimmer, 
Nature shrouds her mystery. 


What have all the hours been spent for? 
Why the on and on of things? 
Why eternity's procession 
Of the days and evenings? 


Hours of sunshine, hours of gloaming, 
"\Ying their unexplaining flight, 
With a n1easured punctuation 
Of unconsciousness, at night. 


Just at sunset was translucence, 
"\Vhen the west was all aflame; 
So I asked the sea a question, 
And an answer near]y came. 


Is there nothing but Occurrence 
 
Though each detail seem an Act, 
Is that whole we deem so pregnant, 
But unemphusizèd Fact 
 


Or, when dusk is in the hollows 
Of the hill-side and the wave, 
Are things just so much in earnest 
That they cannot but be grave 
 


Nay, the lesson of the Twilight 
Is as simple as 'tis deep; 
Acquiescence, acquiescence, 
And the coming on of sleep. 


MID:SIGHT. 


THERE are sea and sky about me, 
Anù yet nothing sense can mark; 
For It n1ist fills all the midnight, 
Adding blindness to its dark. 


There is not the faintest echo 
From the life of yesterday: 
Not the vaguest stir foretelling 
Of a morrow on the way. 
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'Tis negation's hour of triumph, 
In the absence of the sun; 
'Tis the hour of endings, finished, 
Of beginnings unbegun. 


Yet the voice of awful silence 
Bids my waiting spirit hark; 
There is action in the stillness, 
There is progress in the dark. 


In the drift of things and forces, 
Comes the better from the worse, 
Swings the whole of Nature upward, 
Wakes, and thinks-a universe. 


There will be more life to-morrow, 
And of life, more life that lcnO'lC8; 
Though the sum of Force be constant, 
Yet the Living ever grows. 


So we sing of Evolution, 
And step strongly on our ways, 
And we live through nights in patience, 
And we learn the worth of days. 


In the silence of murk midnight 
Is revealed to me this thing: 
Nothing hinders, all enables 
Nature's vast awakening. 


... 


HISTORY OF THE Dl
AMICAL THEORY OF HEAT.1 


. By PORTER POINIER. 


II. 
A BOUT one year after the reading of the famous paper of Rum- 
. ford, in the early part of 1799, Sir Humphry Davy, tIlen but 
twenty years of age, published his first scientific memoir, entitled 
"An Essay on Heat, Light, and the Combinations of Light." Clear- 
ly enunciating the tv.'"o systems of hypothesis previously held, he 
chose to follow N c,vton in rejecting the materiality of heat, while 
still clinging to the corpuscular or emission theory of light. 
His position with respect to the existence of caloric he asserted in 
this thesis: 
"THE PHE:NO
IE:NÅ OF REPULSIOY ARE NOT DEPENDENT ON A PE- 
CULIAR ELASTIC FLUID FOR THEIR EXISTENCE, OR CALORIC DOES NOT 
EXIST; " 
1 Introduction to an unpublished work on Thermo-Dynamics. 
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proceeding to maintain it by a series of experimental reductio ad ab- 
surdum. 
Premising that the temperature of a body could not be increased 
unless either its "capacity" ,vere diminished from some cause, or 
heat were added to it from still other bodies in contact, and observing 
a production of heat to be consequent on friction or percus
ion, be 
enumerated the following as including all possible explanations of the 
pbenom"enon consistent with the assun1ption of caloric: 
First, tbe production by the friction of a specific diminution in the 
" capacity" of the bod y, where by caloric ,vould be disen gaged, and thus 
made sensible. This was the supposition which Count H,unlford showed 
to be quite incompatible with the inexhaustibility of the supply. 
Second, the liberation of caloric during some slow process of COln- 
bustion accompanying the friction, the source in this case being the 
oxygen of the surrounding medium. This contingency was likewise 
anticipated by Rumford, who failed to detect any indications of such 
an action. 
And, third, the production of some occult change in the bodies 
rubbed, whereby they might acquire the property of abstracting an 
unusual quantity of heat-substance from surrounding matter. 
His argument against the existence of caloric depended, therefore, 
upon showing that these different suppositions were an contrary to 
the indications of experiment, whence the inference as to the unten- 
ability of the hypothesis itself. But, although this method of reason- 
ing has been characterized as "somewhat confused," the following 
experiments upon which it was based are now considered classical. 
Two parallelopipedons of ice, initially at a temperature of 29 0 Fahr., 
were fastened in an apparatus by which they might be rubbed to- 
gether, and kept in a continued and violent friction with each other. 
They thus Wel"e almost wholly melted, the temperature of the result- 
ing water being" ascertained to be 35 0 , after remaining in an atmos- 
phere of a lower temperature for some minutes." The fusion also ,vas 
obser\'ed to take place only at the rubbing surface. 
Fronl this experiment it was therefore to be inferred tlIat the 
" capacity" of a body ,vas not necessarily diminished by friction; 
for, according to the discoveries of Black, the melting of a quantity 
of ice could only take place with the absorption of a definite quantity 
of heat-its latent heat of fusion. 
Upon the second supposition, Davy remarked: 
" From this experiment it is likewise evident that the increase of tempera- 
ture consequent on friction cannot arise from the decomposition of the oxygen 
gas in contact, for ice has no attraction for oxygen. Since the increasð of tem- 
perature consequent on friction cannot arise from the diminution of capacity or 
oxidation of the acting bodies, the only remaining supposition is, tIUlt it arises 
from an absolute quantity of heat added to them, w bich heat must be attracted 
from the bodies in contact. Then friction must induce some change in bodies 
enabling them to attract heat from the bodies in contact." 
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To determine, therefore, upon this last alternative, be performed 
the following experiment: 
A block of ice, having a slnall channel cut around its upper edge, 
was placed under the receiver of an air-pump. The channel was 
filled with water, and upon the block, though not in contact .with the 
,vater, was also placed a clock-work so contrived that one of the ex- 
ternal wheels of its machinery came in contact .with a thin metal 
plate. By the friction between tbese surfaces a considerable amount 
of heat could be produced, ,,
hich might be made to melt wax, tallow, 
01' any similar substance fusible at tbe temperature .which could be 
thus produced. 
The receiver, previously filled with carbonic-acid gas, was next 
exhausted as completely as possible by the air-pump and absorption 
by caustic potash; upon then setting the machine to work tlle wax 
,vas melted rapidly, and the temperature of the .whole apparatus in- 
creased by more than 1 0 Fahr., thus l)l"oving tile excitation of heat 
under the conditions Ílnposed. 
Consistently ,vith the remaining supposition-the third-it was 
then only to be inferred that caloric had been collected from the 
bodies in contact. Neglecting, however, tbe vapor of water .which 
fonned the rarefied atmosphere within the receiver, the only other 
body in contact "Tith the apparatus was the ice. But against the as- 
sumption of this latter having furnished any heat, Davy here drew at- 
tention to the water still remaining liquid in the canal, and which pre- 
sumably would bave been frozen had the ice parted "Tith any heat. 
It is easy to perceive that such a course of reasoning was neither 
exhaustive with respect to the non-existence of caloric, nor conclusive 
as to the dynamic charaèter of heat. For, had he even been success- 
ful in demolishing the doctrine of caloric, the simple refutation of one 
l)hysical hypothesis could never have been construed into more than 
an increase in probability of all those opposed to it; and in this in- . 
stance, perhaps no considerations ,vould llave been accepted as con. 
elusive 1,y the materialists, .which, failing to experimentally e8tablish 
the true nature of heat, should still have left their favorite notion 
open to any Inodification, however artificial, which might reconcile it 
in the least degree with facts which would be doubted and distorted 
in the intereRt of t}Jese preconceived opinions. 
IIeat being only a particular phase of energy, it was necessary and 
sufficient to show, as done by Rumford, with respect to its frictional 
excitation, that its production depended only on the expenditure of 
energy-implied in its inexhaustibility-and always in the saIne de- 
gree, as he proved by special determinations. 1 It was the subsequent 
I Professors Tait and Balfour Stewart are authority for the statement that "Rumford 
pointed out other methods to be employed in determining the amount of heat produced '. 
by the expenditure of mechanical power, instancing particularly the agitation of water 
or other liquids, as in churning."-(Tait's "Historical Sketch," p. 7; Stewa
t's "Element. 
ary Treatise on Heat," p. 307.) 
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extension of this cxperimental process to all modes of heat-production 
that constituted the great work of J onle, to be described bereafter. 
But if Davy tInts failed to render his experÏ1nents truly C'onclusive 
against the l1utteriality of heat) his subseql1cnt observations Fhowed 
that individually his perceptions ""ere nlost clear and definite. 
fleat, ultimately, he conceived to depend upon molecular motion 
-calling this the repulsi ,'e motion-and to prod.uce an effect exactly 
opposite to tbat of cohesion. The action of this motion in altering 
the state of aggregation, he interpreted essentially as is the custoln 
now, and spoke of temperatnres as indicating the relative quantities 
of repulsive motion in the same substance. He also mentioned tllr(le 
modes in which this motion migbt be increased: 
"1. By the transmutation of mechanical Onto repulsive motion, that is, by 
friction or percussion. In this case the mechanical motion lost by the masses 
of matter in friction is the repulsive motion gained by their corpuscles. 
"2. By the motion of chemical combinations of decompositiou. 
"3. From the communicated repu]sive motion of bodies in apparent contact, 
that is, by conduction simply. And subsequently he generalized this statement 
in the dictum: 1 
"The immediate cause of the phenomena of heat, then, as Lavoisier long 3g0 
stated, is motion, and the laws of its communication are precisely the same as 
the laws of the COIDlllUnication of motion." 


These essays of Rumford and Davy faIled to produce, "Tith a few 
rare exceptions, any perceptible effect upon the scientific opinions of 
their contemporaries. There would seem to have prevailed at this 
time a remarkable i,ncapacity to appreciate the importance of experi- 
ments whose indications ,vere opposed to preconc
iYeil idea
, and 
an antipathy to engage in unfamiliar issues; and the f;flll1e distrust 
ana indifference 'which so deadencd the hrilliance of Fresnel's imnlor- 
tal work in France proved quite effectual in deferring for the tinle 
the discoveries w'hich might otherwise have folIowed the imnlec1iate 
development and experÍ1nental prosecution of this theory. "T}latever 
interest was awakened seems to have been, for the nlost part, di
- 
played in the petty, irrelevant objections, and mi
statement seven, 
brought against their methods of experiment and observed results; 
and the injustice of ,vhich, when not apparent, might Iu\ve been easily 
exposed by a careful repetition or extension of these snme determina- 
tions. 
Dr. Thomas Young, however, in his" Lectures on Natural Philos- 
ophy," delivered at the l
o)
al Institution, and published in 1807,2 
1" Elements of Chemical Philosophy," 1812. Complete 'Yorks, vol. iv., p. 66. The 
laws of motion here referred to were those of Kewton, especially the third, application to 
molecular magnitudes being included, and the modifications introduced h
' the new facts 
as to the effect cf friction understood; for, U in Newton's da
', and lon
 afterward, it was 
supposed that work was absolutely lost by frictiou."-(Thomson and Tait, "Xatural 
Philosoph
'," p. lOR) 

 U Lectures on Natural Philosoph)'," vol. i., p. 633, et seq. 
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assigned to them their true significance, and, reviewing much after 
Bacon the existing state of experience upon the question, drew forci- 
bly attention to tbe superficiality of the views of those 'who still 
adopted the hypothesis of caloric. 
In 1810 IIaldat performed an extended series of experiments upon 
the heat produced by friction between various metallic surfaces/ TIle 
results which lle obtained were not, however, decidedly confirmatory 
of either supposition, but especiaHy serve to increase our admiration 
for the acumen of Rumford in perceiving and stating tIle true la,v of 
its excitation. 
The rubbing surfaces employed by him were similar in size 'and 
shape; the ,vressure between them was maintained nearly constant 
in several different experiments; but tbe power or energy ,,"'as re- 
ceived in n1easured quantities, and from an indefinite source, namely, 
the pulley of a turning-lathe. 
The quantities of heat developed for the same number of reyolu- 
tions, or in })roportionate times, 'were naturally, therefore, different 
for different metals; but as to the cause of tbis diversit y he hazarded 
no positive opinion, and indeed his recorded observations do not 
seenl susceptible of reduction to any particular theory. Had }Je 
measured the energy absorbed, or the coefficient of friction between 
tbe rubbing surfaces, he might possibly have been able to trace some 
relation between them and the heat produced in the operation. As 
it was, his observations as to difference of capacity, the influence of 
density, etc., were equally confused with the results, which he ob- 
tai.ned on varying the pressure and substituting different metals; and 
although upon the ,,"'hole his conclusions were adverse to the calorists, 
tbey were not definite enough to attract any notable attention. 
In tracing thus far the incpption of mechanical-heat theory, we 
have seen t,vo important generalizations made: The one, fully 
attested by experiment, referring to the transformation of "york into. 
heat in a peculiar class of op(-'rations, and entirely independent of' 
hypothesis, namely, that "the heat generated by friction is exactly 
proportional to the force ,vith which tIle two f:urfaces are pressed 
together, and to the rapidity of the friction." The other, mor
 com- 
prehensive, including in the spirit of its enunciation thermal phenom- 
ena of every variety, and to a greater or less extent dependent on 
molecular and other hypothesis. These early statements are quite 
characteristic of, and may be used to illustrate, a subsequent division 
of our subject necessitated by experimental difficulties of investigation 
and verification. 
The proposition that the entire energy existing in the universe is 
a magnitude as definite and unchangeable as the quantity of matter 
which it contains, is now considered one of the most fundamental and 
far-reaching in natural philosophy. The experimental evidence pos- 
1 Journal de Physique, vol. lxv., p. 213; 1I
iclwlson'8 Journal, vol. xxvi., p. 30. 
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sessed as to the fact appears for the most part in the invariability 
of the ratio of any dynamic magnitude of a definite kind which dis- 
appears to that of another kind which is thereby produced, and the 
numerical value of which, for a particular transformation, depends 
only on the relative magnitude of the characteristic units as cOlnpared 
by the same standard systmn of dynamic units. That is, that the 
conversion of one manifestation of energy into another takes place 
with as great certainty and absence of waste, and 'with the same 
integrity of the elementary magnitude, as the more formal conversion 
of foot-pounds into kilogrammetres, or British thermal units into 
calorics. To the experimental establishment of this principle as 
invol ved in transformations between heat and \vork, ancl which is 
called the First Fundamental La\v of Thermo-Dynamics, we shall 
return hereafter. 
But in the transformation of heat into mechanical effect or work, 
"an additional principle has been found to bold, respecting the trans- 
formable quantities of these two magnitudes as influenced by ten1- 
perature, and \vhich is known in like manner as the Second Funda- 
nlental Law of Thermo-Dynamics. 
Experience has not as yet encountered any phenomena at variance 
with these fundamental laws; \vhich furthermore agree with the 
strictest requirements of intuitive science, and illustrate, respectively, 
the axioms that nothing is by natural means creatable from nothing, 
and that things are equal to the same thing only which are equal to 
each other. In the development of these two principles, and the ap- 
plication to theln of empirical laws with reference to the bel}avior of 
bodies under the action of heat or mechanical effect, consists the first 
principal division of the subject in which the results obtained are 
generally reliable. 
But in assuming a complete analogy between molecular and mass 
energy, and in tracing tbe consequence of this assumption through 
the different forms of material aggregation, the conclusions reached 
are generally much l)eyond the present po\ver of experimental science 
to explicitly confirm, and, although many of the results obtained in 
these investigations are of great probability, they yet are 
f inferior 
certainty to those properly included in the first division. 
In short, altl10ugh the laws w'hich govern tbe relations of molar 
energy to heat are in the abstract positively known, yet in endeavor- 
ing to trace the clistrihntion and precise condition of energ-y when it 
becomes ahsorbed within a body, or vice ve1.sa, the mode and minutest 
detail of its transformation into gross Inecbanical effect, the most 
consistent theories have heretofore depended on the hypothesis that 
actual or real heat is a condition of molecular kinetic energy, and that 
the various latent heats arc due to potentialit.ies of molec.ular arrange- 
ment. 
The full extent to which this principle of the inc1estnlctibility of 
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energy had previously been recognized, or involved in the dispute as 
to the intimate constitution of heat, may be inferred from what has 
been already given of the history of heat theory. But in 1822,1\1. A. 
Seguin, in a letter to Sir J. F. 'V. Herscbel/ explicitly asserted it in 
support of the dynamical existence of heat, and in explanation of the 
work obtained from caloric in the steam-engine. The view of the 
subject he claimed to bave derived, some years before, from his unc1e, 
tbe celebrated l\Iontgolfier. 
Soon after he restated these considerations in a letter to Sir David 
Brewster,2 \vherein, by a perfectly legitimate course of reasoning, and 
in a very lucid manner, he showed that the accepted teachings of tbe 
calorists led to a violation of this principle of the conservatio
 of 
energy. For, quoting his own language: 
"If we suppose, indeed, that at each stroke of the piston of a high-pressure 
steam-engine the quantity of caloric employed is represented exactly by the 
elevation of temperature of the water of condensation, abstracting all loss, it 
follows that we have lost nothing in obtaining a very great effect, and that, if it 
were possible (which is supposable) S to condense the caloric contained in a mass 
lJI into another reprosented by lJI, in such a manner that it may be reùuced into 
x 
vapor at the primitive pressure, we may, by means of a small quantity of caloric, 
produce an indefinite number of oscillations." 


lIe expressly stated, therefore, that after a mechanical effect had 
been produced through any given thermal agency, as in a steam- 
engine, on]y that quantity of molecular motion or heat which had not 
been thus appropriated would remain as heat. 
To him, therefore, most undeniably belongs the credit of having 
first publicly urged the principle of the conservation of energy against 
the materiality of heat, and of having considered in this connec- 
tion the reverse phenomenon of the performance of work by thermal 
agencies. 
The only indefinite or erroneous particular in his statement was 
that arising from the rather incautious introduction of molecular hy- 
pothesis.' His leading argument was thoroughly scientific, but the 
oversight or neglect to refer exp)icitly to the disturbing effect which 
latent as distinguished from Sf'nsible heat might exert upon the ex- 
perimental verification of his principles, served afterward as a point 
of 3ttack upon the accuracy of his reasoning in general, and an op- 
portunity, abundantly inlproved, to detract from his true merit as an 
early supporter of the mechanical theory of heat. 
This criticism depends upon and applies with still greater justice 


1 Published in the Edinburgh Pltilosopltical Journal, X., p. 280. 
g Published in the Edinbu:ITfh Journal of Science, iii., p. 276, 1825. 
3 A particular instance of this supposition will be seen in our account of Carnot's 
engine. 
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to a principle which he subsequently enunciated in a work on rail- 
ways/ in treating of the motive-power of heat, namely: 
,. La force mécanique qu'apparait pendent l'abaissement de température d'un 
gas, comme de tout autre corps qui se dilate, est 13. mesure et la représentation 
de cette diminution de chaleur." 


If in the single terIn "chaleur" Seguin intended to include both 
sensible and latent heat, his principle was undoubtedly correct; but 
it is to be inferred from an indicated method of determining the 
relative dynan1ical value of heat and mecbanical units,2 that he had 
quite neglected to take into account any change of molecular energy 
other than that of sensible heat. 
Nearly identical with these, though much more celebrated, ,,?ere 
the subsequent 
peculations of Dr. J. R. l\1ayer upon this subject. 
In a memoir published in Liebig's 11nnalen, for l\Iay, 1842, entitled 

'Beluerkungen über die I\::räfte del' neubelebten N atur," he undertook 
to answer the questions: "\Vhat are we to understand by force? and 
ho,v are different forces related to each other? " To,vard the latter 
part of the disqtiisition he entered upon the suhject of the nlutual 
convertibility of heat and 11lechanical energy, considering the genera- 
tion of heåt by tbe shock or gradual stopping of a falling body, by 
friction, ana by compression; and illustrating by the heat cxcit
cl in 
the hearings and rubbing surfaces of water-mills and l'ailway-trains; 
and by the din1Ïnlltion of the earth's bulk in the falling of a body to 
the ground. 
In this he first expressly used the tenn equivalent, in speaking of 
the relation of heat, to mechanical effect; and by the sarne lllethod as 
that employed in the deduction of Seguin's value, t1)ongh ",
ith 1110re 
accurate data, found the distance through \\Thich any lllass of ,vater 
woulù have to fall, in order that its temperature, by the shock of sutl- 
den stoppage, might be raised from 0 0 to 1 0 Cent., to be 365 metres. 
1'he physical reasoning upon ,vhich he founded this detern1Ïnation 
"ras manifestly inconlplete, if not eITon
ous; and, on this a.ccount, his 
clailns as an original promoter of correct theory haye been made of 
late the subject of considerable dispute. In vie,v of the lJÍstorical iUl- 
portance attaching to this point, and because an allowable explana- 
tion of the pheuolllenon referred to 'will illustrate very fully the re- 
ceived distinction between sen
iblc and latent heat, we here lllake a 
slight ùigression to consider n10re particularly the thern1al effect 
attending the c01l1pression of elastic fluids. 
The term specific heat is ordinarily employed to designate t11at 
quantity which it is necessary to impart to unity of weight of any 
1 Entitled" Études sur l'Influence des Chemins de J.'er," p. 378, ct scq. Paris, 183ft 
2 The method indicated, with the data then at his command, for steam, gave 630 kiIo- 
grammetrcs as the mechanical value of an increase cf temperature cf 1 0 Cent. in one 
kiIogramme of water. 
VOL. XII.-22 
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specified substance, in order that its temperature may be raised by 
one degree; no discontinuous change of physical state occurring. A 
part of this heat, it is thought, is used in raising the temperature of 
the substance, and thus increasing tbe real heat or thermal contrast 
t" 
of the Lody; while the remainder is expended in producing, as it 
w'ere, sonle change in the potentiality of intermolecular distance, or 
mol
ctdar m"otions, not indicated by the thermometer, but in general 
attended hy the expansion or contraction of the body heated. The 
energy existing in this latter form, and measÜred in heat-units, has 
been called by Clausius the ergonal content of the body. 
If we were, therefore, to suppose the following effects produped, 
in a specified manner, during the reception of a quantity of heat by 
any })ortion of an' elastic fluid, nanlely, an increase of temperature, a 
change in the mean distance or motions of the molecules not causing 
any variation of temperature and a })erformance of external ,vork by 
the consequent increase of volume against exterior resistance, it is 
eyident that we could not consider anyone of tbese effects to be the 
dynan1Ícal equivalent of the whole acquisition of heat. l\Iuch criticism 
upon the original reasoning of l\Iayer has th
refore been called forth 
by this fact, that, without proving the absence of the secoucl effect 
above mentioned, or in any way referring to the possibility of it:s dis- 
turbing influence upon the calculation, he arbitrarily assumed thflt the 
mechanical energy expended in compressing atlTIospheric air s110tlld 
be regarded as the mechanical equivalent of the heat thus rendered 
sensible. 1 
But. though erroneous in principle, this method of determining the 
nlechanical equÏ\Talent of heat was afterward shown by Joule to in- 
yolye no sensible inaccuracy of result in the case of air and other l)er- 
manent gase
.
 
The experiment by "Thich this conclusion ,vas attained consisted in 
the repetition, with a 
light but yery inlportant Jl1odification, of one. 
originally designed hy Gay-Lussac to inyestigate the effect upon the. 
telnperatnre of a gas of its free expansion into a yacuum. 
The apparatus consisted of two reservoirs, .R and E, wl1ich 
mi<}'ht be J .oinec1 bv connectino--tubes and a cou p ling-nut, and each 
o . ö '-- 
closcc1 independently by a very perfect stopcock. Into one of tbese 


1 Besides, the analogy which he drew between the beat produced upon the sudden 
stoppage of a faUing body, constituting a diminution of the earth's bulk, aud the forcible 
compression of an elastic body
 is by no means an admissible one, and in seeking to jus- 
tify this view by the following statement: " Yet just as little as it may be inf('rred from 
the relations of faIling force to motion, that faUing force is motion, 
o little is the conelll- 
sion admissible in the case of heat ,. (that heat is motion). "'Ve much prefer to adopt 
the opposite conclusion, that in order tú become heat, the motion-eithel' simple or "Vibra- 
tory, as light, radiant beat, etc.-must cease to exist as motion "-he succeeded only in 
rendering the subject more indefinite and confused. 
2 "On the Changes of Temperature produced by the Rarefaction and Condensation 
of Åir."-(PMlo8opl
ical Jlagazine, 1845, (3) xxxi., p. 3'16.) 
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dry atmospheric air was forced until a tension of about t,venty-t\yO 
atnlospheres at the ordinary telllperature of the roon1 was attained. 
The other was exhausted 1y an air-pump. 
Being then coupled together, they were inl- 
mersed in a tank containing aLout sixteen 
and a half pounds of water, which "
as stirred, 
and its temperature taken on a very sensible 
thermometer, indicating approxinultely thou- 
sandths of a degree. The stopcocks were 
next opened an(l the air allo,ved to rush fi'om 
one reservoir to the otl1er until the tensions 
were more nearly or quite equal in both. Lastly, the ,yater was again 
stirred ana its temperature carefully noted. .A, correction was ob- 
tained after each experiment, by noting the increase of telnperature 
caused by an equal allloul1t of stirring, uninfluenced by any po:::\sible 
effects of the expansion. 
Fi ve experiments upon the thermal effect thus attending the ex- 
pansion of atnlospberic air showed a n1ean increase in the tern perature 
of the "Water of 0.0074: 0 , whil
 the correction to be applied amounted 
to 0.0068, leaving a difference quite within the limits of observation 
by this method. Joule, therefore, cOllcludel1 that "no change of 
temperature OCCU1.S u./ten air is allowed to ea'pand in such a manne'J. as 
not to develop mechanical power." 
If this result or property of atmospheric air had been known to 

Iayer, and construed by hinl to imply the total absence of a trans- 
fonnable, internal store of potential energy in gaseous substance, so 
that the energy eln bodying the conclitioÌl variously sty led its }H1re, 
real, actual, or sensible beat could only be affected by some external 
agenc)T, lllechanical or thermal, and if the effect upon a thermometer, 
produced by this condition, had been also known to vary directly ,vith 
the "Thole quantity of energy comprising it, the 111ethod which he in- 
dicated would have lea to an admissible result. 
But, in reality, Gay-Lussac, from his original experinlent s, had 
not come to any very definite conclusions on this ])oint. The tem- 
perature of ench recci \-e1' had been found by him to change; but not 
using an equivalent device to tlw.t of the subnlergilJg tank of "
ater, 
he had not been able to determine, on the ,'\""1101e, whether heat had 
been lost, or gained, in the expansion. ,,-rhen, therefore, l\layer, in 
184ü, defendctl his clain1s hy a reference to these first experiments on 
this point, the amnvcr was availahle to J oule that, l)rior to his own 
rcsearch
s, the all-inlportant principle assumed had not been recog- 
nized in science; ana that the results obtained by Gay-Lussac tended 
only to render the question still more doubtful. 
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By T. H. 'VRIGHT. ... 


A RECEKT historian of Rome, toward the close of bis famous at- 
tempt to undeceive the world at large with respect to the genius 
of Cicero, sums up bis argument in the following words: " Ciceronian- 
ism is a problem 'wlÜch, in fact, cannot be properly solved, but can 
only be resolved into that greater n1ystery of human nature-lan- 
guage, and the effect of language on the mind." . 
These words are suggesti,'e-suggestive, too, of a ,vider question 
than at first sight appears. That men are influenced by language at 
least as much as by ideas; that power of expression is intÏ1natély as- 
sociated ,vith meatal grasp generally; even that a fascination is ex- 
ercised by style to which nothing equivalent is found in the accom- 
panying thought-these are ackno.wledged trutlls, readi1y granted. 
But it is a most singular thing that they are so readily granted; it is 
singular that the question is no't oftener asked, "'Y"by is this so?" 
IIo\v is it that language, ,y hich is but the vebicle of thought, 
COlnes to bave a force ,vhich is not the mere ,yeight of that which it 
carries? Eyen "There this is not the case, "9here there is an equiva- 
lence of value in both style and ideas, great conceptions being nobly 
expressed, how is it that tbe matter and the form seem to have inde- 
pendent claims upon tbe attention? In a word, .what is that in lan- 
guage ,vhich is not mere eæjJ'pessiveness of the obvious intentions of 
the "Triter, but is yet a merit? 
At first sight there appears to be a simple answer to the question. 
Any of the numerous treatises on 
tylc or rhetoric abound "Tith rules 
for the embelHshmellt of discourse: the reader learns the in1portance 
of a choice of fitting words, of the judicious use of figures of speecb, 
of tIle effect of melodious sent
nces and suitable cadences; he is in-.' 
structed in the manipulation of complex constructions, and discovers 
the force of the gradation, the antithesis and t11e clin1ax; in short, }le 
is easily led to the conclusion that, besides eæpl'essiveness, language 
may have the n1erit of beauty. 
That this distinction is a snperficia lone has been shown ".ith great 
ability in an article by 
Ir. Herbert Spencer, on tIle "PhiloEoph)" 
of Style." 1 lIe there traces all exceHence of composition to two 
principles-Economy of the Attention, and Economy of the Sensibility 
of the recipient. Assuming that a reader can have at. bis comn1and 
only 1\ definite amount of po'wer of attention, it is clear that whatever 
part of this is employed on tIle fOJ'm of a composition must be su b- 
tracted, antlleave so much the less to be occupied in the matter. In 
its popular aspect this is a truth familiar to all. If any author is said 
1 Published in separate form, with flexible co\cr
,. by D. Appleton & Co. 
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to have an obscure style, it is meant that his form obstructs his mat- 
tel'; that it absorbs an inordinate amount of the reader's attention. 
If he is tedious, it is because his language, by its monotony or redun- 
dancy, exhausts our energies, and leaves us correspondingly deficient 
ill the Inental vigor to be devoted to what he has to say. 
But .1\11'. Spencer pushes his theory yet further. He shows, with great 
ingenuity, ho\v various ornanlents of style, at first sight 1110st remote 
froln mere utility, are in reality but devices of language which sub- 
serve the saine purpose of economizing attention. Thus the canon 
,vhich prefers ,vords of Saxon to words of Latin origin, is justified by 
the greater fanÜJiarity of the former, recalling the associations of 
childhood, and their comparative brevity, ,vhich adds to their force 
what it dill1inishes froln the effort required to recognize theln. On the 
other hand, the occasional effect of polysyllabic ,vords is attributed to 
their associated significance; for the effort involved in deciphering or 
tlsing theIn, by hinting at a corresponding ,veightiness in the tbings 
ÍIl1pliec1, gives a force to an epithet which may do for a sentence. 
The saIne pril1cilJle which explains the rules fOl
 choice of ,vords is 
also found adequate to the solution of the reasons why some one order 
of ,vords is more effective than another; why certain sequences of 
sentences are better than others; ,vbat are the respective merits of 
the direct and indirect style, and so forth. Then follo\vs an analysis 
of the various figures of speech-metaphor, simile, and the like-in 
which their an1enableness to the same law is established; and, finally, 
the applicability of the theory, even to the conlplex imagery of the 
poet, is exhibite(l in a })3.ssage which it ,vollid be an injustice to the 
writer not to quote at length: 
" Passing on to a more complex application of the doctrine with which we 
set out, it must now be remarked that not only in the structure of sentences, 
and the use of figures of speech, may economy of the recipient's mental energy 
be assigned as the cause of force; but that in the choice and arrangement of 
the minor images, out of wllich some large thought is to be built up, we may 
trace the same condition to effect. To select from the sentiment scene or event 
, , 
described, those typical elements which carry llumy others along with them; 
anù so, by saying a few things, but suggesting many, to abridge tbe description, 
is the secret of producing a vivid impression. An extract from Tennyson's 
'Mariana' will \veIl iUustrate this: 
& All day within the dreamy house 
The door U p on the hinO'es creaked 
l"') , 
The blue-fly sun
 i' the pane, tbe mouse 
Behind the rnouldering wainscot shrieked, 
Or from thc crcyice peered about.' 
Th
 s
veral circumstances here specified bring with thenl many appropriate $- 
SOClatlOns. Our attention i
 rarely drawn b1. r the buzzinn- of a fl y in tlle window 
. ,J ö , 
s:t;e when e\
erything is stHl. ',hile the inmates are mo\ying about tbe bouse, 
uuce usuaHy keep silence; anel it is only when e
treIlle quietnes
 reigns that 
they peep from their retreats. IIt:nce, each of the fact::; mentioned, prcsuppos- 
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ing numerous others, calls up these with more or less distinctness, and revives 
the feeling of dull solitude with which they are connected in our experience. 
'V ere all these facts detailed, instead of suggested, the attention would be so 
fdttered away that little impression of dreariness w( uld be pro'duced. Similarly 
in other cases. 'Vhatever the nature of the thought to be conve:yed, this 8kiJI- 
ful selection of a few particulars which imply the rest is the key to success. In 
the choice of competent ideas, as in tbe choice of expressions, the aim must be 
to convey the greatest quantity of thoughts with the smallest quantity of 
words." 1 


But 1\11'. Spencer does not rest content with deducing what may 
be called the adventitious charms of })oetry froIn this principl
;. he 
even thinks that its distinctive characteristic-the restrictions of 
metre-ll1ay be explained by the same la"w. " The pleasure," he says, 
" which its measured movell1ent gives us is ascribable to the conlpara- 
tive ease with which words metricaIly arranged ('an be recognized." 2 

lost people win be startled at the first sight of this bold dictum, but 
)11'. Spencer is not the man to shrink froln the logical consequences 
of his principles, and they lead to more than this. 
Anyone "rho has attentiyely read the article, or even the brief 
résltJné of it just given, will have seen that the theory furnishes a 
canon for determining, with some degree of certainty, which of two 
styles is the better. To quote again: "The relative goodness of any 
two modes of expressing an idea may be determined 1)y observing 
which requires the shortest process of thought for its comprehen- 
sion." 3 
Clearly, then, there must, in eyery case, be some form of expres- 
sion 'wbich is absolutely the best; in other ,yords, there is such a 
thing as an ideal style. )11'. Spencer accepts the conclu..ion, but at 
tbe same time reminds us that style must vary with its subject-matter. 
"The perfect writer will express himself as Junius, ,,
hen in the 
Junius frame of minù; 'when he feels 3S Lamb felt, will use a like . 
familiar speech; and will fall into the ruggedness of Carlyle when in " 
a Carlylean mood." · 
The reseryation is a In'oper one, and with it the argun1ent seems 
unimpeachable. Yet when :àlr. Spencer throws the conclusion into 
the form of an e l )iO',oam and tells us that" to have a specific style is 
ð , .J 
to be poor in speech," 6 be nlakeR the utmost possiLle delnand upon our 
. . " TI R 1 I . " 
loyalty to exact reasoning. Like Adelmantus In Ie ..epn) IC, ,,;e 
are" confounded by this novel kind of draughtsplaying, played "\vith 
words for counters." 
But if the foregoing theory be carefulIy reviewed, it win be seen 
that throughout it the treatment is what may be described fiS objective 
rather tllan subjective. Or, to avoid words in which there is a degree 
of ambiO'uit y the definite I Jroduct IanO'uaO'e is more or less isolated 
o , 0 b 


1 " Philosophy of Style," p. 34. 
4 Ibid., p. 48. 


2 Ibid., p. 39. 
5 Ibid., p. 47. 


S Ibid., p. 33. 
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from the agency using it, and viewed more in relation to the reader's 
than the writer's nlind. But there is another aspect of the relation, 
which cannot be left out without producing a result which must 1e one- 
sided, and may be inaccurate. The following pages ,viII he an attempt 
to supply this omission by a consideration of the nature of the various 
devices of language, regarded as the outconle of the mind that cnlploys 
t h Cln. 
That" to have a specific style is to be poor in speech" has not 
been ilup1ieò in the judgn1ents ,,'hich the world has fro111 time to tinle 
l)assed UpOI1 its greatest '\Triters. Perhaps it ,vould be nearer the 
truth to say that nIuch in proportion as an author has reached a high 
eminence in his art, there has been found in his productions a corre- 
sponding tendency to an individuality of expression. Is it not a com- 
11lon complaint against inferior artists, ,vhpther in prose or Yerse, in 
painting or music, that their compositions lack character and origi- 
'nality? Uniforrnity is the distinguishing feature of mediocrity, ,vhi1e 
the "
ork of genius is at once recognizcd and attributed to the origin 
whose impress it bears. And a little reflection ,,,ill show that this is 
exactly w'bat is meant by " style." ,r arious tricks of voice, gesture, 
and drcss, are associated by everyone wit}] JlÍs friends, glin)pses of 
the hidden self being granted in such half-unnoticecl revelations. The 
chief value, indeed, of snch peculiarities rests in thC' fact that theya.re 
conlmonly unknown to the nU
n hinlself. For all of us, even the most 
sincere, are to a certain extent actors in our intercourse ,,,it h otherfo:, 
and playa part that has been self-assigned, often \vithout due ponder- 
ing of the player's po"rer. Nature, however, peeps out in countle'BS 
little traits of character, which find their expression in language, 
habit, and even in 1110vements. By what suhtile union such tricks of 
manner are linked with what Dr. Johnson has called" the anfractu- 
osities of the hUluan n1Ïnd," is a curious and intricate question, but no 
one will doubt the fact of the connection. " That's father! " crit'S the 
child as she hears the ,veIl-known foot-frrIl in the hall; ,,, How like the 
man!" we exclainl, when SOlne characteristic remark is reported to 
us. Spite of the progress in complexity from a sound to a sentilnent., 
each obpys the saIne law; and the connection betw.een the foot-fall and 
the foot, between the speech and the llli.nd that conceived it, is one 
and the satne. 
Let us follow out the thought a little further. K ot only, to put the 
fact in its popular aspect, has everyone his peculiarities; but there 
are degrees of peculiarity accolnpanying degree's of indiyiduality; as 
a mall deviates in clzaracte1. froBl the type ordinarily met with, so are 
his habits singulm" to himself, till a point is reached where the per- 
sonality is rmnarkablc, and the hehavior eccentric. 'Yhere such 
nUUincrs are perfectly unaffectcù they are a reflection of a self that 
standg alone atnong nlany, so that the comnlon dicttnn, that genius is 
eccentric, has a philosophical foundation. There is no need to linger 
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on the numerous and tolerably obvious reservations 'which make it im- 
})ossible to convert the proposition-in other w'ords, to infer unusual 
power from singularity; the broad fact rCl11ains that 'vb ere there is 
that marked originality called genius, it is an Qriginality not of thought, 
elnotion, or pursuits, but of the man. 
The application of this to literary style is easy, and ,viII be found 
to lead to some interesting results. 
In its powers of direct expression, la.nguage is tolerably efficient, 
and ,vere there nothing but facts, considered objectively, to be con- 
veyed, even a simpler vehicle would suffice. S,vift, in one of the nlost 
hUlnorous passages of "Gulliver's Travels," describes a set of phil
so- 
phers, ,vho, disdaining language as the ordinary means of expressing 
their thoughts, preferred to carry with them a l)ack of the things 
most commonly referred to in every-day parlance, by the dexterous 
manipulation of which they contrived to carry en long conversations. 
N o,v this represents, with the necessary freedom of caricature, a real 
truth with regard to a certain class of discourse. In any written conl- 
position, the less the author's personality is involved in the nlatter 
treated, the simpler tlle language which suffices. The extreme form 
of this truth is found in the case of algebr:1, where the di
course is, 
so to speak, perfectly dispassionate, and the sJnl bolisnl })erfectly ade- 
quate. Sin1ilarly, the language ell1ployed in nlathematical proof is 
found adequate in proportion as the statenlents are purely objective. 
...A.s we ascend in the scale of literary conlposition the author's person- 
ality cre
ps in, and brings with it a corresponding complexity of lan- 
guage, not merely the complexity of structure of sentences, but of 
choice of words, use of figures of speech, and all the refinements of 
elaborate writinO". It is true tbat much D10re than this has to be 
ð 
taken into consideration; the subjects themselves are infinitely more 
conI plex as the scale is asceuded, the distinctions are 11101'e delicate, 
the contrasts present more sides to view, the grt1datiol1s are subtiler. . 
But is not this a corollary frOln the 111ain principle? Is it not because. 
we are then dealing either ,vitb facts of our o"Tn or the general con- 
sciousness; 'with ideas, elnotiolls, desires, and so forth; or nt any rate 
with external facts looked at frOln the point of view of an interested 
and questioning observer, tllat there is this increase in complexity, or, 
in other words, decrease in adequacy of language? 
But this idea adlnits of yet fnrtller development. The facts })er- 
fectly expressed in algebraical symbols receive a nearly perfect ex- 
pression in mathematical language. The terminology of science is 
found very tolerably sufficient, if strictly adhered to, and nlostly where 
expository and descriptive. In history and biography wl13t we may 
call the snbjective element is strong, and there "e find a1] the refine- 
111ents of composition. These expres
, not only facts and aspects of 
facts, not only are there delicate inlplications of expression, enlbodiEd 
in all the recognized figures of rbetoric, tbe trope, the simile, anò tbe 
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metaphor; but there are the glimpses at the very self of the author 
which lurks in unconscious tricks of diction and turns of thought, and 
emerges in epithets, in repetitions, and in phrases. In poetry the 
author reigns snprelne, ana there too the imperfection of language is 
most Inanifest. In a very fine passage every word is charged with 
Ineaning and riveted to its place; in fact, the ve1âclc is strained to its 
utmost to bear the load iU1posed upon it. Hence Coleridge's wcll- 
known definition of poetry as" the best words in tbe best order." 

Icanwhile the personality of the poet pervades every line of every 
poem, a hardly recognized but unfailing presence. He colors each 
picture, and is a spectator at every scene; he is beside Ulysses in the 
island of Calyp
o; ,,
ith hiIn he ,vitnes
es the death of Argus and the 
insolence of the suitors; he shares the recognition of Penelope and 
the w"elcome to hOIne; and when clire retribution seizes the usurpers 
he looks upon their fall. 
Not tIUlt this personality is directly obtruded upon the hearer's 
notice; in the instance of HOlller, it is Inarkedly withdrawn, the char- 
acters speak of themselves, the deðcriptions are Ineant to serve no 
moral end. But ,,'hat is never brought before us as an avowed ele- 
ment in the cOlnposition is everywhere present in the form of the nar- 
rative-we never hear the accents of the voice, though we are always 
listening to its tones. Take as an illustration of this a l)assage of 
pure description from the" Odyssey: " 


Hvp flÈv br' Eaxap6fþLV flÉya KaleTo, TTjÀ68t ó' òðfl7; 
KÉÓpOV r' eiJKeárow eVOV T' åvà vijaov ÒÓtJÓf:l 
óalOflÉvlJv' 1í ó' lvóov åotÓtáova' òiïì KaÂý, 
laròv E7rot XOflÉv71 xpl'aEÍ1) KepKíð' vfþal1'w. 
v'A1] óè arréoç åflcþl 'lrefþvKel rTj'.e86lJaa, 
K'.
8pTj T' aiYEtp6ç rE Kaì evwóTJç KViïáptaaoç. 
iv8a óé T' öpvt8eç ravvalrrrEpot eiJVá
ovro, 
CJKi:lrrÉç T' ip1]'<Éç TE TavvYÆlJaaOI rE Kop(;JVal 
eivá'Awt, rf1alvre eaÂáa(Jla fpya flÉflTjÂEV. 
1í ó' avruv rerávvaro 7repì mreí.ovç y'AaÇ>vpo"io 

flfp'iç 7;/3tJlJaa, Tee
Àf:l ðf aracþvÂ:f1atv. 
Kpijval ó' É;fÍ1]ç 7rlavpeç pÉov vóaTl ÆEl'KcfJ, 
7r'A'l(Jlal å'A'A
',lJV reTpaflflÉvat a'A',vÓtç ùÂ.Â1]. 
åflfþì óÈ 'AElfli:Jveç fla'AaKoì iov i}óè aeÂlvov 
e
Âeov' Ëvea K' É7rElTa Kaì å6ávaT6ç 7rEp È7relo6bJV 
ell
aatTO iówv Kaì Teprþ6eí.1] cþpeaìv f1alv. 
Odyssey, v., 59-74. 


(A large fire was burning on the hearth, find at a di
ttmce the smen of well- 
cleft cellar, anù of frankincense, that was burning, shed odor through the is1:1nd; 
but 
he within was singing with a henutifnl voice, and going- oyor tIle web, wo,.e 
with a golùen shuttle. Bnt a ftonrisl1ing wood sprnng up firoulHl the grot, nlder 
and poplar, and sweet-smelling cypress. There also birds with spreadin ó wings 
slept, 0\\ Is and hawks, anel wide-tongued crows of the ocean, to which maritime 
employments are a care. There n. vine in it:, prime was spreaù about the hollow 
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grot, and it flourished with olu
ters. But four fountains flowed in succession 
with white water, turned near one another each in different ways; but around 
there flourished soft meadows of violets and of parsley. There indeed eyen an 
Immortal coming would admire it when he beheld, and would be dclighted in 
his mind.-BuckleY'8 Tl'a'lislation.) ... 


An analysis of this passage which points out its beauties ,,
in he 
found also to draw attention precisely to those parts where the au- 
thor's presence is latent. The smell of the cedar, and the voice of the 
divine songstress accompanying the l1Iusic of her 100In, are, by the 
epithets" fi'agrant" and" sweet," lllade part of the real or hnagined 
experience of the poet; \vhile the word lïOlXOflllJ1} suggests, and Just 
suggests, glimpses that he catches of her fonn as she moves at her 
work within the cave. Thell he describes the wood that shades her 
abode, implying, by an epithet, how that too appeals to another sense, 
joining ,,
ith the incense that burns close by in a mixture of pleasant 
smells. Another feature is introduced: there are birds harboring in 
the branches, and the ,,'ord EV1 J áÇoVTO that describes tIlis, by an inl- 
})lied comparison \vith the sleeping-chambers of nlan, shows a sort of 
tender "Tay of looking at K abu'e. It is more than if it ,vere merely 
said, "There .were birds in the branches." Again, the allusion to the 
sea in the words T9uíVTE BaÀáuula ëp"la fJ-ÉJ.L1JÀEV is a direct reflection 
of the poet's, in no way forn1Ïng part of a description merely 111eant to 
call up an actual scene, instead of a varticular way of looking at a 
scene. The same is true of the ,yords that describe the -vine, Lending 
,vith its burden of ripe clusters, of tIJe la1}yrinth of stl"ean1f'\, and tIle 
patches of violEt and parsley round them; the accompanying adjec- 
tives dra,\T attention to beauties the poet Ilas noticed, and wi
hes us 
to notice as well. There is l)arclly ne
d to T)oint out how 1 he words 
w'ith .which the whole conclu(les are but an exelamation of ,,-onder 
and admiration on the part of the poet at the scene he has called up. 
But this iR not all, for be
ides the selection of these variouR ele-. 
ments there is the mode of their cOInbination into a definite picture, , 
the order in ,ybich the il1utges folIo\v one another, and the gradation 
and transition of ideas which are all part of the art, that is, of the 
nlind-of the self-of the author. At a distance the senses of sight 
and sIllell are first caught by the glin111Ier of the fire and the fragrance 
of what is burning in it; as HerDIes npproaches l1e hears the sound 
of the O'oddess sino'in a at lIeI' work , . coming- still closer, he has leisure 
b ö ::-> <J 
to mark the minute details of the scene-the cavern, tbe grove, .and 
the vine; wlále the "Tords à8ávaTóç 7TEP in the concluding lines leave 
binl in amazement at the beauty of the whole. 
Row, this may sound like hypercriticism, and it would be hyper- 
criticisn1 if it "Tere meant that all these points "\\ere before tIle n1Ïnd 
of the poet, forming part of all iutentional stndy of effect. On the 
contrary, the inlp1ication is the direct reverse. It is becau

 110111er 
was such or such a man, because he had been in the habit of regard- 
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ing what he sa,v after a certain fashion of his own, that ,vhen he set 
hinlself to conlpose poetry he composed it as he did. lIenee there is 
a deep meaning in the saying of l\Iilton, that he who ",
()ulc1 write 
good poetry nl11st make his life a poem. It is by virtue of a thousand 
minute traits of character, the gradual deposit of life's experiences, 
that anyone speaks, writes, cyen ,valks and moves, as ,YC see him do. 
For there must be some reason ,vhy, if two men set about describing a 
scene, or giving even a plain, unvarnished account of some event, the 
mode of their narration differs-differs, too, in such a ,vay that each 
can be ascribed to its author, as we say, by internal e,.idence, that is, 
by its style. 'Vhile, then, no better explanation appears, that theory 
of style may perhaps be provisionally accepted which identifies it 
with eharacter-,vith unconscious revelations of the hidden self. 
This conclusion ne
c1s a little further elaboration before it is com- 
pared with that view of what is called the philosophy of style, "which 
. resolves all the devices of composition into schelnes for economizing 
the reader's attention. It is necessary to point out, and this may be 
done briefly, ho"r not only is st.yle generally the impress of the au- 
thor's self, but that there is a correspondence between the distinctive 
features of any particular passage and the points at which, in the 
manner just indicated, the writer's personality glides into the dis- 
course. This is not difficult, if what has been already said be ac- 
cepted. 'Vhat, indeed, is Incant by saying that an author is best 
where his l\''Titing is nlost natural? 
Is it not iUlplied that the happiest touches are those wI1icl1 are 
original-that those phrases and expressions are most welcome to the 
reader ,vhich set the nlatter they convey in a new light-and that the 
light in "Thich the writer himself sees it? If the foregoing pas
age 
fronl the" Odysseyn be revie,ved, it will be found that its beauties are 
coincident with the parts where the presence of the poet seenlS to be 
hinted, and this is equa11y true, though not equally disccrnilJle, in all 
'writing that is at all elaborate. 
Now, ho,v docs all this sqnare ,vith the dicÌl1nl that" to baye a 
specific style is to be poor in bpeech ?" It will not at first sight ap- 
])ear so very incompatible. In a certain sense, style at all o\ves its 
existence to the ÏInperfection of the vehicle of thought. ''''' ere lan- 
guage a perfectly adequate means of elllbodying ideas, wl1at is now 
to 1)(1 looked for in the rnode of statement ,,"ould be found directly 
declared in the statement itself. For the countlcss deyices of lan- 
guage, the gestnres and tones of discourse, the thousand rhetorical 
figures of written conlposition, are really one ana an sill1plc proposi- 
tions not capable of exact expression in the body of the narrative. 
They arc the lights and shades of the picture, or perhaps rather the 
finer touches, which are to tickle thp imagination of the rC:ldcr with 
suggested beaut.ies. And it is exactly in these refincment
 of expres- 
sion that the deepest mC3:uing of any author, in other ,,"orc1s, his self, 
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resides. There is somet11Ïng patI1etic in the reflection that we walk 
this ,yodd half hidden from one another, a constant struggle going 
on to make known the thoughts, beliefs, and aspirations of the real 
but partly-imprisoned being, ,,
hich never CDn be known exactly as 
they are to any but the lllind that conceives theln. Like savages, ,vc 
speak 1110StIy by signs, which serve us "
ell enough, but leave much 
uncoIDIllunicated. It is ",?ell, however, that this imperfection is an 
Ï1npcrfection that vroduces beauty; that the grating of the machine 
is not harsh, but lllusical. 
lr. llerbert S1)oncer is successful in show- 
ing that the various devices of language do serve to the economy of 
the reader's attcntion, and that beauties of style are beauties partly 
because they effect this end. But he has not raised a question ,rhich 
seems closely akin to the subject. Why is it needful to have recourse 
to these expedients at all, and why is there an infinite variety in every 
luau's use of them? The answer to these questions seenlS to give an 
insight into a higher law, to "Thich 1\11'. Spencer's principle stands 
rather as an empirical generalization. It is this: that each nUin's 
inmost nature is a secret to all but hinlself--and that a secret ,vhich 
in no two cases is the same. Every attenlpt to conlmunicate it partly 
fails, and so language is full of conlpromises and expedients; each 
nature to be revealed is different, anò so there is a countless variety 
of styles. 'flJis, then, is not due to po'"erty of speech; rather it is clue 
to multiplicity of individualities, each speaking its o,,
n language and 
telling its o"Tn tale. 
The ideal style, then, is for an ideal bl>ing, but for an ideal being 
who is to be ,vithont personality. TIJe perfect writer n1ay "'rite, now 
like J nnius, now like Lamb, no,v like Carlyle, but like himself 11e can 
never w-rite. lIe cannot, as 'we say, eJ.1fress ldulself. A significant 
pluase, for after all it is when a nlan, as far as he can, expresses lrlul- 
self, that his conllllunication is most \vorth having. It is the one 
thing of 'which he certainly kno"Ts sometl1ing, where 11e can indeed . 
speak with "authority. It is not so much what a man knows as ho'w 
he kno,vs it, not so much the extent as the quality of his infornlation, 
that gains him a right to be heard. Originality is far oftener origi- 
nality of expression than idea, a fresh aspect of something old, not a 
discovery of something new. And so there starts up here an answer 
to the difficulties 
ncountered at the outset, " 'Yhy men are influenced 
by language at least as much as by ideas;" and" 'VIJY po'wer of 
expression is intimately associated with mental gra
p generally." 
Partly, no doubt, because in language resides the personality of the 
speaker or 'writer, and men are influenced by personality-but far 
Inore for another reason. The highest fornl of ability is sonlethiug 
which pervat1es the whole being; it is not restricted to an intellect v re - 
ternaturally acute, to vividness of imagination, or fineness of feeling; 
but it is the 11lanifestation of a nature-of a self, which is really great. 
And it has been seen that it is in expression, or style, that the self of 
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the author is to be sought. That, then, is a true instinct which so It 
intÏ1nately associates power of expression ,vith power of character 
generally. Of this power, too, the distinguishing feature is its indi. 
viduality. J lIst as in animal life the ascent of the scale of creation is 
a process of differentiation of functions; just as a higher form of life 
is marke(l off frolll a low
r form by greater specialty of shape, ùy 
powers more accurately defined, by habits more })eculiarly its own: 
so in the cOlnparison of ll1an ,vith man, something similar to this law 
is traceable, pointing out that the superiority of genius in degree is 
luainly a conseqnence of its difference in kind. 
Thus N 3.ture seern
 to speak in a continued protest against uni- 
formity, by a thousand analogies insisting upon the supreme Ï1npor- 
tance of the individual. .L
nd the critical verdict which pronounces 
that writing best which is the n10st natural can be affiliated to as ,vide 
a law as this. "Vhether or not it be thought th
t each Ulan is put into 
. the world the possessor of some particular truth, ,vhich his acts or 
","ords can set before his feHow-creatures, it is at any rate clear that 
the inevitable specialty of each man's experiences n1ust present things 
to him in an aspect which can be exactly the same for no othel'. 
There are no real doubles in the world, no such thing as identity in 
constitution and circumstances. 'Vhile, then, this is so, there is a 
significance in style, a value in the unconscious self-revelations of 
traits of personality. IIowever a man Dlay fail of the ohject he sets 
before him in wbat he does or says, yet if there has been in hiIn that 
conscientious fidelity to his purpose, ,vhich is but an attempt to ex- 
press ldrnself, his work ,\yill not have been ,vasted, though. its direct 
worth be unimpol'tant.-..L1Iacnzillan's .1Jlagazine. 


... 
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H. 
E VEN more wonderful than the n1ere intelligence of the ant is its 
power of organization-the point, probably, in ,vhich it np- 
proaches most closely to n1a1l. Suppose that ants, instead of fortning 
nations, Jived like 1110St creatures, nlerely in pairs, ead1 endeavoring 
to rear a young brood, who, when 1nature, ,vonid (\11te1" npon a situi- 
lady isolated career. Let them be as brave, as intelligent, and as 
strong, as they now are, still how hnn1ble and insecure ,,-ould be their 
position! Against the attacks of the gi:nlt spiders, centipede
, hor- 
nets, an(l wasps of warm clin1ates, they could nlake no effcctual resist- 
ance. Prey, which in their present condition they easily secure, wou]d 
escape thenl, or ,vouid scarcely even notice their pnny effortf:. In 
short, there is every reason to l)elieye that n1nny of thf'ir species 
would become extinct, and that the remainder wouh1 Jiye, so to 
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. speak, mainly on suffcrance, playing no appreciable part in the econ- 
omy of the globe. Turning from this hypothetical 
urv('y of the ant 
as an indiviùual, unorganized being to its actual condition, l\'e !See the 
DIOst striking contrast. 1\lr. Belt gives the .following graphic account 
of the exeitelllent caused by a marching column of Ecitons in the 
primeval forests of Nicaragua: "31y attcntion was generally first 
called to them by the twittering of some small birds belonging to 
different specie8. On approaching, a dense body of the ants, three or 
four yards "TiJe, and so nunlcrous as to blacken the ground, would be 
seen llloving rapidly in one direction, exan1Ïning e\'cry cranny and 
underncath every fallen leat: On the flanks, and in advance of tbe 
main hody, smaller cohuuns would be pushed out. These snlaller 
columns would generally first flush the cockroaches, grasshoppers, and 
spiders. The pursued insects "Tould rapidly make off, but luany, in 
their confusion and terror, "Tould bound right into the midst of the 
main body of ants. At first, the grasshopper, ,vhen it found itself in 
the midst of its enen1ies, would give vigorous leaps, with perhal)S two 
or three of the ants clinging to its legs. Then it ,voulc1 stop a mo- 
ment to rest, and tbat nlOlllent ,yould "Le fatal, for the tiny foes ,vould 
swarm over tbe l)rey, and, after a few Ulore ineffectual struggles, it 
would succumb to its fatc, and soon be bitten to pieces and carried 
off to tbe rear. The greatest catch of tbe ants was, howcyer, ,,-hen 
they got among some fallen brush"Tood. The cockroaches, spiders, 
and other insects, instead of running right away, "Tould ascend the 
fallen branches and remain there, while the host of ants were occu- 
pying all the ground beneath. By-and-by, up ,,,ould come some of 
the ants, following every branch, and driving before them their })rcy 
to the ends of the small twigs, "There notbing remained for them but 
to leap, and they would alight in tbe very throng of their foes, witI) 
the result of being certainly caught and pulled to pieces. 
"The nloving cohunlls of Ecito'Jis are cOIn posed ahllost entirely of. 
"Torkers of different sizes, but, at interYfils of two or three yaras
 
there are larger and lighter-colored indiyic1uals that often stop and 
sOlnetimes run a little back",-ard, stopping and touching some of the 
ants with their antennæ. They look like officers giying on]ers and 
directing the 111urch of the column. 
"The ants scnd off exploring-parties up the trees, ,,-hieh hunt for 
nests of "TflSpS, bees, and probably birds. If they find any, they soon 
comnlunicate the intelligence to the arIny helo.w, and a column is scnt 
up iUlmec1iately to take possession of the prize. I bave seen them 
])ulling out the 13.rvæ and pnpro from the cells of a large ,,,asps' nest, 
"Thile the wasps hovered .about, powerless, before the multitude of 
the invaders, to render any protection to their young." 
Still more formidable are tbe "driyer-ants " of tropical Africa, so 
called because, on their approach, even the lion, the el<'phant, and tIle 
buge python, at once betake themselves to flight. 
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N or are the purely vegetarian ants of less in1})ortance in the econ- 
omy of the countries they inhabit. They decide, in a nlaluler, \\?hat 
trees 
hall grow and ,,?hat shall be exterminated, and it is only such 
as are comparatiyely distasteful to them that escape. In Nicaragnu, 
they render the acclimatization of any foreign tree or vcgeta1)le a task 
of great difficulty. 1\1r. Belt ,vas often told, on asking the rea::,on 
why no fruit-trees ,vere gro\vn at certain places: "It is of no use 
planting them; tbe ants Eat them up." These ants clinlù up the 
trees, ,vhen "each one, stationing itself on the edge of a leaf, COlll- 
nlences to make a circular cut frOln the edge with its scissor-like jaws, 
its hinder feet being the centre on which it turns. "Then the piece is 
nearly cut o
 it is still stationed upon it, and it looks as though it 
\vould fall to the ground with it; but, on being finally detached, the 
ant is generally found to have hold of the leaf ,vith one foot, and, 
soon righting itself and arranging its burden to its satisfaction, it sets 
-off at once on its return." 
An observer, standing near the ant-hil1s, "sees from every point 
of the compass ant-paths leading to them, all throllged with the busy 
workers carrying their leafy burdens. As far as tbe eye can dis- 
tinguish their tiny fOrITIs, troops upon troops of leaves are moving 
np toward the central point and disappearing down the l1nnlcrous 
tunneled passages. The ceaseless toiling hosts inlpress one ,vith their 
power, and Olle asks, , 'Vhat forests can stand before such invaders?' " 
Concerning the use to ,vhich the ant-leaves are put, some difference of 
opinion prevails; that they do not directly serve as food is achnittec1. 

1r. Bates, from observations ulade in Brazil, eOndlldf's that "the 
leaves are used to thatch the dOlnes which cover the entrances to 
their subterranean, d "rellings, tl)ereby protecting fron1 the deluging 
rains the young brood in the nests beneath." 1\lr. Delt, ,vho has care- 
fuI1y exatnined the habits of an allied species in Nicaragua, believes 
that the real use they lllake of then1 is as a Inanure, on which grows 
a Jninute species of fungus on ,vhich they feed-that they are, in 
reality, mushroom growers and eaters. The reasons for this vicw are 
given in detail in 
lr. Belt's work, and appear very satisfactory. But 
1\lr. Bates's vie\v may he correct also. In short, save Ulan alone, there 
is no creature which can efl:èct such wide-spread and profound alter- 
ations in the condition of a country as the tiny ant. It has been in- 
deed nlentionell in the Quarterly Journal of Science that the pig, the 
goat, and the rabbit, ha\"e succeeded in extirpating the natural flora, 
and consequently, to a great ext-ent, the fauna, of certain isb.na
, snch 
as St. IIelena. Yet thi
 takes place only in countriC's where there are 
no carnivorous beast
, birds, and reptile
, to keep thCIll in check. But 
in every warm and fruitful climate the ant is king. This powC'1", we 
perceiye, is not due to n1ere nnrnheJ's; it is, in great part, thp result 
of organization. Other species of insects are perhaps cycn more nu- 
n1crou
, anù, il1dividual1y considered, as capable of destructive action; 
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but locusts, potato-beetles, nlosquitoes, noisome as they may be con- 
sidered, are, in comparison with ants, ,vhat a promiscuous mob is in 
comparison with a "Tell-traineù and organized arnlY. Each ant, like 
an experienced soldier, kno,vs-whether rational1y or instinctively it 
nlatters not-that it will be systematically supported by its comrades. 
'Ybat would be the prospects of agriculture in ,,'?' estern Asia, in 
Northern Africa, or in the 'Yestern States of the American Union, if 
the locusts, .when engaged in desolating a field, were to attack, en 
ulasse, any man or bird who should interfere ,,-ith thenl? But, on 
the contrary, they allow themselves to be slaughtered in detaiJ, each 
indifferent to the fate of Lis neighbor. . 
Ants evince that close mutual sympathy which, to an equal extent, 
can be traced probably in man alone, and which bas, in both tllesc 
cases, proved one of the primary factors in the deyeIopment of civiH- 
zation. Had man been dcvoid of this inlpulse, he "
ou]d have re- 
m3jned a mere wandering savage-perhaps a nlere anthropoid, occur- 
ring as a rare species in equatorial districts. 'Ylt110ut a sin1Ïlar Ì1n- 
pulse, the Ecito/1S would have ranked 3nlong the many solitary species 
of Hy,nenoptera. Of the nllÜual helpfu]Jl(,ss of these sanle Ecitons, )11'. 
Belt gives us some Inost interesting cases which canle under his o.wn 
obserration: "One day, ,,-hen watching a smaH çolunln of these ants 
(Eciton llclJnata), I placed a 1ittle stone on one of then1 to secure it. 
The next that approached, as soon as it discovered its situation, ran 
backward in an agitated manner, and soon communicated the intel- 
ligence to the others. They rushed to the rescne: sonle bit at the 
stone and tried to move it; others seized the prisoner by tl1c legs, and 
tugged with such force that I thought the legs ,,
ould be pulled off; 
but they persevered until they got the captive fr
e. I next covered 
one up with a piece of clay, leaving only the ends of the antennæ pro- 
jecting. It was soon discoyered by its fellows, who set to "
ork im- 
nlcdiatelv and b y bitinO' off l )ieces of the clav , soon liberated it. 
.." ð oJ 
Another time I found a very few of them passing along at intervals. 
I confined one of these under a EttIe piece of clay, with his head pl'O- 
jectin
. Several ants passed it, l)ut at last one discovered it and tried 
to pull it up, hut it could not. It immediately set off at a great rate, 
and I thought it had deserted its comrade; l)ut it had only gone for 
assistance, fOJ' in a short time about a dozen ants came hurrying up, 
evidently funy informed of the CirClllnstances of the caf:e, for they made 
direct]y for t11eir ÏJnprisoned comrade, and soon set him free. The ex- 
citement and ardor with which they carried on their exertions for the 
rescue could not have been greater if they had been }Iuman beings." 
Such cases as these are of the greater moment becausc many other 

ocial and semi-social animals treat an unfortunate companion in a 
very different manner. It is on rpcord that a rook, which had got en- 
tangled :nnong the twigs of a tree, was pecked and bu:Eeted to .death 
by its neighbors, despite the efforts of its l11ate for its l)rotection. 
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Facts are not wanting which show that the social organization of 
ants takes cognizance of sanitary matters. In Australia they have 
been kno,vn to bury their dead, not without 80nle degree of formality 1 
according to their caste. In experimental formicaries in this country, 
ants have been observed to throw the bodiès of their dead companions 
into the ,vater surrounding their dwellings. In the nests of almost all 
species great care is taken to preserve cleanliness. The agricultural 
ant of Texas removes any offensive matter placed near its city, and 
will even take the trouble to carry away the droppings of cattle that 
have fallen on its cleared ground. Any dung-rolling beetle which 
brings its ball of ordure within these sacred }Jrecincts is at once at- 
tacked and put to death, and the nuisance is quickly cut to pieces and 
carried to a distance. 
N or are laws on other matters ,vanting. Ants .who have, from 
some unknown cause, refused to work have been observed to be put 
to death. Anlong the agricultural ants, prisoners have been kno,vn 
to be brought in by a fellow-citizen and handed over in a very rough 
Inanner to the guards, who are ah\Tays on duty on the level ground 
before the city, and who carry off the offender into the underground 
passages. "That is his after-fate is not known. It is almost needless 
to point out that even the faintest rudilnent of law proves the exi
t- 
ence of some notions of right and .wrong, as well as of a power of 
communication which must go into minute details. 
\Ve have now to deal "rith the great question .whether the civiliza- 
tion of ants, like that of man, has been gradually and slowly deyeJ- 
oped by the accumulation of experience, or whether-as the believers 
in the fixity oì habits and instincts still contend-it is primordial, co-, 
existent with the species in all the details ,vhich w.e now observe., 
Direct historical evidence is here yet more difficult to obtain than as 
concerns animal structure. ,,-r e smile, with just reason, at the French 
savants of the Egyptian Expedition, ,,,ho imagined that, by the study 
of the animal-nlununies there preserved, they Dlight gain sonle light 
on, or rather find some argnment auainst, the mutation of species. 
At the same time, we readily adnlÏt t'hat, could ,ve find a complete 
series of skeletons, anatomical preparations, or e"en photograplH
 of 
the best-known animals, Inaùe at inter,.als of a century, and extending 
backward for say a hundred thousand years, the doctrine of evolution 
,yonld be brought to a crucial test. But, concerning the fornler' 
habits and instincts of animals, correct information is far more diffi:, 
cult to obtain. The" stone-book" is silent or oracularly vague. Even 
if we haa written documcnts left us by some naturalist of the JUiocene 
ages-if we can suppose such a being to have existed-wllat 
ecurity 
should we have for the accuracy and the completeness of his re- 
searches? 
To meet thi8 difficulty an attelllpt, relnarkable for its subtile in-- 
I Journal of Linnæan &ciety, vol. v., p. 217. 
VOL. XII.-23 
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genuity, has been made by Prof. lIceI'. lIe points out that, according 
to the reckoning of the most discreet geologists, at lea::st a thousand 
centuries nlust have elapsed since Britain was severed from the Conti- 
nent of Europe. For this long stretch of time, therefor
, British 
aninlah
 nlust ha\re been cut off frOln their representatives in France, 
Belgium, and Switzerland. If, then, the habits of a certain slave- 
holding ant (Fol"'inica sanguinea) in England are found identical, as 
he maintains, w"Íth the habits of the saIne 8pecies in S"Titzerland, there 
is a strong presumption that its economy has undergone no change for 
the last hundred thousand year5. To this argunlent, we lnu
t reply 
that the isolation between British and Continental Rpecies of iURect.s is 
by no means so complete as is here assumeù. 'Vinged ants tl"a\'e1 
yery considerable distances, and, if our 111elllory does not deceive n
, 
bave been met with out at sea. That a part of a swarm should he 
blown over from tbe French C03st to Englanrl, or vice versa, is by 110 
means improbable. And it is well known that if a party of working- 
ants fall in "lith an impl'egnated felnale of their o,vn species, they im- 
Inediately lead her to their nest and install her in a royal apartlllent. 
'l"hat there l11ay ha \'e been within the last ten thousand-or eyen one 
thousand-years direct intercommunication of this kind between the 
shtye-making ants of England and those of Switzerland, seems to us 
fully more probable than the contrary supposition. 
Again, ,ve nlay ask whether the conditions under which ants would 
be respectively placed in Switzerland and in England 3re not so 
closely analogous that their social development must proceed on 
parallel lines? In both they would encounter nearly tIle same cli- 
mate, the 
;llne food, and the same enen1Ïcs. Surely, therefore, a elose 
correspondence in hahit.s is no òecif:ive proof of their iæ.nlobility. 
But, after alL is there such an absolute accord bet"reen the habits of 
-the Swiss and of the British ants as the validity of Prof. Heer's argu- 
ment "Tould require r 1\11'. Darwin thinks that in the nests of the. 
British FV1 0 Jnica san[Juinea there is a relatively snlaller proportion of . 
,slaves, 'which therefore playa less important part in the economy of 
the ant-hill. 
Iessrs. l{irby and Spe1lce record a fact ,,
hich, isolated 
as it is, 
eems to us to overthrow altogether tIle hypothesis of abso- 
'lute stationariness. Ants have l)een fuund, namely, to establish their 
nest in the interval het,,"een the double casing of a glass Leehi\'e. 
-:x ow, as such heehives are artificial oldect
, and of very recent origin, 
they cannot have COlne in the way of the ants for any great length of 
time. They offered, however, a ecrtain advantage in the nnifornl 
temperature and the shelter "which they supplied. TJ1Ïs fact rnu
t 
ha,,"e been recognized by sonle prying ant, and the discovery, being 
communicated to its comrades, 'was turned to practical aC'count. Is 
not tl1Ïs cas
 the exact parallel of a step in the de\
lopm
nt of human 
civilization? And if, as we see, ants can in one case observe a phe- 
nomenon, reason on such observation, and work out their conclusions 
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in their daily life, ,ve can certainly see no grounds for supposing that 
such processes may not have occurred often. In the caBe of larger 
animals, where observation is easier, cbanges of habits, in accordance 
"Tith ncw facilities or new dangers, bave been distinctly recognized. 
There can be no necessity for us to quote the Cases of alterations 
in the nidification of birds givcn by 
Ir. ,y allace. 1 I
ecent ..A.merican 
observations show that tbe habits of many birds, manlmalia, and eycn 
fishes, hav'e nnJergone a very decided alteration in settled districts as 
compared with less frequented regions. All species have ùecome 
more wary and circumspect in their movelnents, and are decidedly 
lllore nocturn'al. The birds build their nests on higher trees, or in the 
densest thickets. Any unusual object placed in a river alarnls tbe 
fishes more tha'1 a similar object ,vould have done some ycars ago, 
and more than it does now in solitary parts of the country. A nc,v 
danger is recognized, and precautions are taken accordingly. 
On cnrefuUy exan1Ïning the habits of ants, ,ve fiud that there exist 
anlong closely-allied species, and even in different colonies of ono and 
the same species, gradations which, to our mind, supply powerful evi- 
dence that such habits cannot have been prirnorc1iaL The slave- 
making propensity, and the reliance placed upon slaves, occur in sev- 
eral species, but not to the same degree. Polyergus 'J'lifescens, for 
instance, is absolutely dependent upon its sIave
, and would, without 
them, perish from sheer incolnpetence to 11lanage its own affairs fur- 
ther than hy conducting slave-hunts. It is a military a>>istocracy, 
,vhich can fight, 1Hlt will rather die than ,vork. FO'J'JìlÏca sanguinea, 
on the other hand, has n1uch fewer slaves, aud restricts then1 to a 
much narrower sphere of dutics, being itself capable of working 3S 
well as of fighting. It is curiou3 that the raids of Rlave-holding ants 
are confined to worker-pupæ of the species ,vhich they subjugate. K 0 
instance has reacheù us of ants c:lrrying off male and f(Amale pupæ 
with a vie,v to raising a stock of slaves in their own city, without the 
necessity of obtaining thenl hy 'war. Surely, the most rational way 
of accounting for this slave-nw.king propensity is to suppose that, as 
in the Iuunan race, it is a gradual outcome of war. Ants, in the wars 
which they are known to wage against different species, as 1\?ell as 
against their own, ,vould take prisoners-an undeniable fact-"'with 
the original intention of killing and devouring' theIne Some few of 
these yictim
, esca p ing irnnlecliate sIauo'hter , nligllt if of a docile and 
ð .., 
submissive disposition, be fonnel useful, and Inight hence ùe allowed 
to live in servitude. Prisoners of fiercer and n10re inc10mita ble 
pc- 
cies, if taken at all, are no doubt killed. The query here naturally 
ari
es: "'Vhat happens in the not infrequer
t "Tars between two cities 
of the same Rpccics? Are the prisoners slaughtered, or are they in- 
corporated with t.he victorions uation ? " 
No less '
ariation Illay be traced in the habits of the catt.le-keeping 
1 U Contributions to the Theory of K atural Selection," p. 22'1. 
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ants. Of the honey-secreting Aphides, and Cocci that ser,e thcln 3S 
D1Ïlch-kine, SOllle have large IJerds, some small ones, 'while others haye 
none at all, and if they encounter an Aphis straightway kin and eat 
it. Is it not more probable that the ants first sought A J!hides, like 
other insects, for this very purpose, Lut gradually discovered a ,yay 
to turn them to better account, than that a flock of Aphides", as, by 
some wonderful coincidence or interposition, placed 'within the reach 
of the first ant-hill ? 
It would, therefore, in our opinion, be exceedingly imprudent to 
declare that ant-civilization has not advanced, nlay not no,v be ad- 
vancing, and l1}ay be destined to take yet further steps in the futul"c, 
especially if large and fruitful portions of tbe globe are long allo,,:ed 
to remain in an uncultivated or semi-cultivated state. Eut f;uch ad- 
vances must necessarily be slow, 3S in all cases 'where there are no 
means of recording the experience of one generation for the benefit 
of the succeeding, and where ,,
hat among mankind would be known 
as oral intercourse is limited by shortness of Hfe. 'Vhat direction 
these future advances may take, it is as difficult to indicate as to fore- 
tell the discoveries and inventions to be made by man during the next 
century. But "ye may safely say tbat they 'will not consist in the in- 
troduction of tools or weapons or machinery. Were man, in propor- 
tion to his size, about twenty times as strong as be is at present- 
,vere he provided l)y Nature with a pair of forceps, playing lateral1y, 
and capable of being used for feHing trees, for excavating the groul1d, 
or for cutting off the heads of his enemies-he ,,
ould scarcely llaye 
been a tool-inventing and tool-using anima1. A being which, like the 
Sauba ants of Brazil, can construct a tunnel underneath the lJcd of a 
river as wide as the Thames at London Bridge, is in no need of 
shovels, pickaxes, or barrows. 
That ants, in tropical climates, occasion much loss and annoyance 
to man is indisputable; yet the annihilation of all kinds of ants, were . 
such a Ineasure practicable, ,,
ould scarcely be prudent. Here, as 
else'wbere, tIle rule 110lds good that small carnivora are to be cher- 
ished, ana small herbiy'ora and omnivora destroyed. The carnivorous 
ants, such as the Ecitons, are invalua1)le, from the myriads of cock- 
roaches, scorpions, centipedes, venomous spiders, grasshoI'pers, and 
eyen rats and mice, that they destroy. They keep down serpents, 
also, by devouring their eggs. The plant-eaters, on the contrary, alld 
especially the leaf-cutters, are an unalloyed evil, and their destruction 
ought to be attempted in a much more systematic way t lUlU "hat 
take
 place at present. K or can the" cattle-keeping" ants be toler- 
ated. Even though they may 110t, in their own persons, attack the 
fruits and the leaves of useful trees, they cOlnpass injury to the latter 
by cherishing and defending swarIns of such pernicious vermin as the 
Aphides of temperate regions and the scale-insects and tree-hoppers 
of warmer climates. All tbese live by sucking the juices of plants, 
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and over them the ants watcb with a wonderful care, defending them 
frOB1 the attacks of bird
, wasps, ichneulTIons, and other creatures, 
who would riù the poor plant of its parasites. They have eyen bt:en 
known to build galleries of clay over the surface of a pine-apple, in 
order to sheltel' the Cocci w'ho were destroying tbe fruit. 

Ir. Belt found that a red passion-flower, ,vbich secretes honey 
frOlll glands on its young lea\-es aud on the sepals of its flower-buds, 
was carefully guarded by a certain species of ant' (l)/widole), who 
consumed tbe honey, and who furiously drove off all leaf-cutters and 
other intruders. But, after a couple of seasons, a colony of parasitical 
scale-insects, which secrete honey, established themselves upon the 
passion-flower, to its great injury. The ants transferred their care 
ana attention to these, anù, fronl the guardians of the plant, became 
indirectly, but not the less substantially, its enemies. This is a strik- 
ing proof of the untrustworthy character of our insect-or, more 
generally speaking, of onr animal-allies. At one moment they may 
be defending our property from depredation, but on a slight change 
of circumstances their interests nlay cease to coincide ,vith our o,vn, 
and they may go over to our enelnies. The question ,yhat animal 
species ,ve ought to protect and which to destroy, and how far we 
ought to go in each case, becomes, on closer inspection, exceedingly 
complicated. 
As an exaulple of an onlnivorous ant, we may take the" fire-ant" 
of the Aruazon, of which 
Ir. Bates gives us a striking account: J 
" .A veyros lllay be called the heat1qu:1rters of the fire-ant, which I1light 
be fittingly termed the sconrge of this fine river. It is found only on 
sandy soils, in o!)en places, and seems to thrive nlore in the neighLor- 
hood of houses and weedy villages, such as A veyros; it does not 
occur at all in the shades of the forest. Aveyros was deserted a few 
years bef<;>re Iny visit on account of this little tormentor, and the 
inhabitants had only recently ret.urned to their houses, thinking its 
nlnllb
rs had decreased. It is a small species, of a shining reddish 
color, not greatly differing frolll the common stinging ant of our own 
country (.1JIyrJnica 'rubra), except that the pain and irritation caused 
by its sting are llluch greater. The soil of the whole \'illage is under- 
mined by it; the ground is perforated with the entrances to their sUù- 
terranean galleries, and a little sandy donle occurs here and there, 
where the insects bring their young to receive ,varnlth near the sur- 
face. The houses are overrun with theIll; they dispute every frag- 
Ulent of food with the inhabitants, ana destroy clothing for the sake 
of the starch. All eatables are obligpd to be su
pended in baskets 
from the rafter
, and the cords well soaked with copaiba-balsanl, 
which is the only means knowll of preventing them fron1 clhnbing. 
They seenl to attack !)ersons out of sheer nlalice. If ,ve stood for a 
few moments in the street, even at a distance from their JlPsts, we 
1 " Naturalist on the River Amazon." 
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were sure to be overrun with then1 and severe1 y punished, for the 
llloment an ant touched the flesh he secured hilllse]f with his jaws, 
doubled in his tail, and stung w"ith all his n1ight. "\Vhen we were 
seated on chairs in the evenings, in front of the honse, to enjoy a 
chat with our neighbors, \ve had stools to support our feet, the legs 
of \vhich, as well as those of the chairs, were well anointed with the 
balsam. The cords of han1mocks were obliged to be sn1eared in tlle 
same \vay to prevent tIle ants from paying sleepers a visit." The 
ray ages of the leaf-cutting ant (Oicodona), or Saubas of the Brazilians, 
have been already mentioned; but it also invades houses and carries 
off articles of food on a far wider scale than is ever done by rats pI' 
mice. It is capable of carrying off such a quantity as t.wo bushels of 
mandioca-n1eul in the course of a single JJÏght! Unfortunately, the 
SauLa has few enemies. The Humber of these depreùators who fall a 
l)rey to birds, spiders, wasps, tiger-beetles, etc., is too sll1all to be of 
any importance. The PseudOJnyrlna bicoZo'}" easily repels then1 if they 
come to clip the leaves of the bull's-horn acacia on "which it resides, 
but it is not sufficiently n1.unerous to pursue and destroy them. The 
Ecitons have never been known to storm the nests of the Sauba. 
Thus, as we often find, for the greatest mischiefs K ature proyides no 
rClnedy, and n1an must step into tbe breach, armed with carbolic acid 
and corrosive sublimate.- Quartel"Zy Journal of Science. 
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SICETCR OF PROFESSOR JOSEPII LE COXTE. 



HE subject of the present notice, now Professor of Geology and 
i N fttural History in the U ni versity of California, bears a fan1Ïly 
name that has ]ong been distinguished in Anlcrican science. lIe ,,"as 
descend
d from 'Villiam Le Conte, a IIuguenot, \vho left his native 
city, Rouen, on account of tIle political and religious troubles conse- 
quent upon the revocation of the Edict of N antes, in 1685, and settled 
in the vicinity of K ew York. Here his an('estors continued to live 
until about 1810, when his father, Louis Le Conte, removed to Liberty 
County, Georgia, to take personal charge of a large inherited estate. 
There Joseph IÆ Conte 'was born, February 26, 1823. 
I-lis primary education .was received in a neigl] borhood school of 
his native county; and, among the ten or twelve different teac1lcl's 
wllo succ2s
ively directed his education with varying success, the oHly 
one WhOlll he recognizes as having left any decided impression upon 
his n1Ïnd wag Alexander H. Stephens, afterward the distinguished 
politician. 
The germs of n1uch of his future character and career may be 
traced to these early boyhood days. IIis father was an ardent devotee 
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of science ill aU its departInents, hut especially of natural history. 
The example of his father, and the splendid Lotauicnl garden in l1H.
 
11lidst of which he lived from infancy, cady imbued hint ,vith an in- 
tense love of Nature, and cultivated in him the haùit of scientific- 
obser\Tation. The unrestrained freedon1 of his boyhood lift>, in a coun- 
try where game of all kinds abounded, engendered a passionate fond- 
ness for field-sports; and this again increased both bis love of Nature 
anel the opportunities of observat.ion. In later life this love of field 
3ud forest took the more rational fonu of extensive nlmhlil1gs for sci- 
entific purposes. 
After graduating A. B. in the University of Georgia, iu 1841, he 
cOlnmcnced the study of medicine, and graduated :1\1. D. in the Col- 
lege of Physicians and Surgeons of New York, in 1845. A few years 
of active practice of his profession in l\lacon, Georgia (during which, 
however, he was more interested in tbe science of ntedicine than in 
the art of healing), served to convince hinl tbat he had not yet founel 
his appropriate field of activity. lIe therefore, in 1850, "
el1t to Cam- 
bridge, 1Uassachusetts, to pursue a course of practical science in the 
laboratory of Prof. Agassiz. 
IIis life in Cambridge, and especial1y his intimate aSFìociatiou ,vith 
the great teacher, powerful1y stinlulated his enthusiasm for science, and 
permanently dctenniued its direction. During the winter of 1851, in 
company ,vith I>rof. Agassiz, he spent the months of January and 
February on the keys and reefs of FloriJa, engaged in studying their 
nlode of fornlation. These studies aft
rward gaye origin to a paper 
" On the Agency of the Gulf Stream in the Formation of the Peninsula 
and l{eys of Florida." 
Iu 1851, after taking the degree of B. S. in the La,,-rence Scientific 
School, he return<>d to Georgia, and wa.s inl111Cdiately elected to tllc 
chair of :K atural Science in Oglethorpe University. As this chair in- 
cluded physics, chemistry, geology, and natural history, hp ,vas not 
unwilling to exchange it for that of geology and natural history in 
the University of Georgi3, wbich W:lS tendered him in 1852. Four 
years of laborious elass-rooln work lwl'L' laid the foundation of his 8UC- 
ceßs as a teacher and lecturer, but left ]itt Ie tilne for researcb. In 
1856 he removed to Colunlhia, South Carolina, to take charg-e of tbe 
chair of Chemistry and Geology in the Sout1} Cnrolina College. 
The )'I"ears spent in connection with this in
titntion ,yere 
unong 
the pleasantest and most actÏ\'c of his life. The }Iighly-intellectual 
and refined society gathered in Cohul1bia 'Ya
, howt'ver, n10re literary 
nnd philosophical than scientific. IIis activity, therefore, tool\: in some 
degree this direction, an(] U10st of his articles 'which nre not strictly 
scientific were written at tllÏs tilne. 
In 1862 thf\ call of the Confederate Government for a 11 :1 hle-l)oòied 
males o\'er eighteen years of age entirely broke up the college for 
,vant of students. Dnrin
 the ,val' he "
;1S eno-no-ed first as ChC'n11st 
....' ::::> ::::> 
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of the Governlnent Laboratory for the l\Ianufacture of 
Iedicines, and 
afterward as Chemist of the Nitre and l\Iining Bureau. 
After enduring the privations and hardships (including the total 
loss of property) consequent upon the breaking up of the Confederacy, 
on the reorganization of the college as the University of South Caro- 
linå, he was again appointed to the chair of Chemistry and Geology, 
i:l the undergraduate departillent, and of Chen1Ïstry and Pharmacy 
in the medical department. But the utter prostration of the material 
resources of the State, falling first and most lleavily on institutions of 
higher education, compelled him to seek employment in a more pros- 
perous region. lIe therefore, in 1868, accepted a call to the chair of 
Geology and Natural IIistory in the University of California then 
about to be organized, and removed to that State to assist in the 
opening of the 61'5t session of the new institution, in September, 1869. 
l-Ie has continued to occupy this chair U}) to the present time. 
Fronl this tinle commenced the most active period of Prof. Le 
Conte's strictly scientific life. The boundless field for geological stud- 
ies presented on the Pacific coast incited him to pursue I}is favorite 
departn}cnt ,vith renewed ardor. Eyery summer vacation ,,-as spent 
in a geological ramble with a party of students and graduates in the 
high Si(-"rras, or in a geological tour through Oregon, ,yo asllington 
Territory, and British Columbia. As nll1ch of the region of tlJe 11igh 
Sierras is "wholly uninhabited, camping-})arties were organizEd; and 
thus studies of Nature were combined with a life of adventure fun of 
delight, amid the finest scenery in the ,vorId. 
lany scientific papers 
on the origin and structure of mountain-chains, and on the ancient 
glnciers of the Sierras, .were the result of these studies. )Ieanw hile 
other ana more abstract subjects were not neglected; for he contrib- 
uted during this time also many papers on the theory and phenomena. 
of l)inocular vision. 
Prof. Le Conte can hardly be called a f'pe{'ialist in any depart- . 
ment, in the narro\v sense of that term; for, although his chief ac- 
tivity has been in the field of science, yet his interest in literature, 
art, anel phi1osopby, is almost equally great. Association alone seems 
to have determined his life-"Tork in the direction of science. Until 
thirty years of fige his intellectual culture was alulost perfectly gen- 
era1. Only after thnt did it commence to concentrate iirst on science, 
find still later on special departnlents of science. "Thile this nlay 
have ùeen a disadvantage in the pursuit of spec.ial narrow lilles of in- 
vestigation, it had also its advantage in giving that comprehensiveness 
so necessary in the more complex departments of science wllicl1 he 
had chosen. 
In his theory of education, therefore, Prof. Le Conte was always 
an earnest advocate of the aeneral or 1iberal education of tIle cultured 
ö 
man, rather than the special education of the mere expert. His ideal 
of education was a general cnlture first, and as high as circunlstances 
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will allow, and then a concentration on special cultures suitable to the 
intellectual plane to which the pupil has been previously raised ùy 
the general cultivation. 
Deeply religious in his innermost nature, he nevertheless fearlessly 
pushea scientific ideas to their legitinutte conclusions. lIe believed 
that truth cannot conflict ,vith itself; tl)at true science is not antago- 
nistic to a true religion, or vice versal j that pride and c10gmatisnl on 
both siaes are the only bar to cordial relations. 
The follo",
ing are sonle of Prof. Le Conte's principal contributions 
to literature ana science: 
1. The Science of Medicine, and the Causes which have retarded its Progrès3, 
1849. 
2. Agency of the Gulf Stream in the Formation of the Peninsula and Keys of 
.Florida, 18.36. 
8. Lectures on Coal, and on Coral Reefs. Smithsonian Institution, 1857. 
4. Place of Organic Science and Geology in a Scheme of Education, 1857. 
.5. }Iorphology, and it
 Helation to Fine Art, 1858. 
G. Principles of a Liberal Education, 1839. 
7. Female Education, 1859. 
8. Correlation of Physical, Chemical, and Vital Forces, 1839. 
9. Relation of Organic Science to Social Science, 1860. 
10. Importance of Natural History in the Schools, and the General Relation of 
the School, the College, and the Gniversity, to each other anù to Active 
Life, 18tH. 
11. The Nature and Uses of Fine Art, 1863. 
P1LCnomena an(l T1Leory of Binocular rision-a series of papers, viz.: 
12. 1. Adjustments of the Eye, 18ß8. 
18. II. Relation of the Eyes on the Optio Axis in Convergence, 1869. 
14. III. The Horoptic, 18(;9. 
1:5. IV. A New Mode of representing Binocular Phenomena, 1870. 
16. V. Theory of Steroscopy, 1871. 
17. VI. So-called Images of Illusion, 1872. 
18. VII. Po
ition of the Eyes in Sleep, 18,5. 
1 Ü. VIII. Law of Corresponding PoiIits in Relation to the Law of Direction, 
1875. 
20. IX. Compm'ative Physiology of Binocular Vision, 1875. 
21. X. Structure of the Cl'ystalline Lens, and its Relation to Periscopism, 1877. 
2:3. General Law of Circulation in Nature, 1870. 
23. Theory of Formation of the Greuter Features of the Earth's Surface, 1872. 
2-1. Ancient Glaciers of the Sierra, 187:3. 
2:). Some Tributarieg of Lake Valley Glaciers, 18';5. 
26. The Great Lava-Flood of the Korthwest, and the Structure and Age of the 
Cascade :Y:ountains, 1874. 
27. Structure and )Iode of Formation of the Coast Ranges of California, 1876. 
28. In
tinct and Intelligence, or the Genesis of Instinct, 1875. 
29. The True Iùea of a University, 187(;. 
30. Critical Periods in the History of the Earth, and their Relation to Evolu- 
tion, 1877. 
Although his life has been given to the cl
y('lopnl
nt of original 
thought in various departments, yet Prof. 1...e Conte ]):lS not ]wò thp 
ambition to be a great book-maker. lIe, ho,,
ever, published a volume 
in 1873 on" Religion ana 
cience," ana has just issued a comprehen- 
sive college text-book of geology, the result of his twenty-five years' 
experience in teaching that suhject. 
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now TO PRACTISE MI}.J)-READIXG. select objects hidùen or thought of, walk 
over any route desired, or to perform any 
To the Editor of the Popular Science Monthly. similar experiment, without any connection 
I T is intere::;ting to contemplate that curi- between his subject and himselt
 eyen while 
ous phase of creduHty, closely allied to he is bHndfolded. I also referred to several 
superstition, which seems to be innate in other novelties, and shall now content my- 
the human mind, preJisposh
g many intel- self with a simple explanation of the modus 
ligent people to attribute to supernatural operandi upon which the whole principle 

gencies certain phenomena which are pure- depends; leaving it to the in
enuity ðf ex- 
ly subjective. This quality bas, doubtless, perimenters to compHcate the tests accord- 
contributed to tbe growth of faith in spirit- ing to their ability. 
ualism, odJIism, auras, psychic forcfJ, and Let us suppose that tbe mind-reader has 
'What not. been escorted out of the parlor by a com- 
One would suppose that the recent ex- mittee appointed by the guests to see that 
}Josure in the law-courts of the juggleries all is fair. A" 
ubject" is then selected 
of some of the more notorious mediums who will hide a small article, perhaps a pin, 
would have served to convince the most ar- under the carpet in the corner of the room. 
ùent believers that the so-called spirit-mani- The mind-reader is led in blindfolded, he 
festations are wholly mundane. Tbis good takes the left hand of tbe subject in his left 
result, however, does not appeal' to have (à la Brown), grasping the subject's elbow 
been accompli::;hed as yet. with his right; he teH
 the subj\'ct to fix his 
\Vhen "Professor" Brown, the mind- mind intently upon the object hidden and 
')'eader, performed his clever experiments a the locality; he then makes a flillt to move 
few years since, many weH-educated people away, watching elosely to see whether the 
maintained that bis discoveries could not subject shows allY reluctance to follow bim ; 
be explained by any of the known laws of if so, he tries another direction; presently 

ature; he was indorsed by se,-eral distin- he will find one point toward whicb the 
guished scientists, at least one of whom I subject will show a disposition to accom- 
stated that he was a firm believer in Brown, I pany him Tery readily. This, then, is the 
and that he regarded" the theory of uncon- I first clew; be follows it up, occasionaliy 
scious muscular action as entirely opposed feigning to diverge, in order to satisfy him- 
to the facts observed." I self that he is on the right track. ]n this 
Since that time quite a number of arti. I way he will be guided (not led) past all ob. 
cles have appeared in this and otber sciE-n- : struetlons to the locality; then he will no- 
tific journals upon the subject; they have tice that the subject shows no partiality 
all been devoted to elaborating theories, I toward any particular direction. The mind. 
and I propose, therefore, to confine myself reader thus infers that he ii', in juvenile 
to a few practical hints as to the precise parlance, 'l'ery lwt, aJld he now, for the fir
t. 
methods of observation, hoping thereby to time, directs his attention exclusively to the 
enable persons interested to perform all of ' involuntary movements in the arm of the 
1\11'. Brown's experiments successfully, as subject, in order to obtain the indication as 
well as others of a more complex and aR- to the exact locality of the object hidden. 
tonishing character, and, at the same time, This hp. accomplishes by moving the sub- 
to answer numerous "queries that I bave ject's arm about until he discovers the di- 
from time to time received. rection in which tbe arm unconsciou
ly p1"e- 
The main difficulty that the novice in jers to go. Should the subject suspect that 
the art of interpreting" ideo-motor move- he may be involuntarily giving the indica- 
ments" 4:'ncounters is, that he docs not tions, it is a capital 'ruse for the performer, 
know exactly wbat indications to look for, first, to Eati
fY himself of tbe position of 
and often mistakes an accidental or iIlten- the object, and, before producing it, to move 
tional movement of the "subject" for an away from the spot, then suddenly pounce 
involuntary one. He also imagines that the upon it with great show of certainty. The 
indicatior.s are confined to mu:-:cular con- "bull-dozed" 8ubject will at once become 
tractions in the arm or hand of the subject. the strongest opponent of the involuntary 
This is a fatal mistake, as I have already muscular-movement theor)"! 
shown in a letter to Dr. Beard, which he Apart from the amusement which these 
communicated to your journal in the July performances invariably afford at a social 
number, 1877. In that letter I stated that gathering, the subject of the "ideo-motor 
it is quite possible for the mind-reader to movements" is one of the highest phJsio. 
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logical interest, and very surprising result:; 
may be obtained by a careful study of aU 
the conditions, and an illgeniou
 complica- 
tion of the experiments. 
Thus it is quite easy to have half a doz- 
en or more persons engaged in perform- 
ing parts of an experiment, each one being 
ignorant of what the other has done. The 
mind-reader thcn ravels out the thread by 
beginning at the end anù working backward, 
or vice vcn;a. The rapidity with which the 
experiments may be performed is remark- 
able, sometimes occupying less time than is 
required to arrange them. 
The chief points, then, for the beginner 
to observe are: 
1. Impress upon Jour "subject" the 
necessity of fixing his mind on the object 
arrù its locality. 
2. Concentrate your attention on every 
movement of the subject. 
3. Kever hazard a gue
s. 
. Hoping that these few directions will 
enable others interested in this entertaining 
a'1d scientific trick to repeat the experi- 
ments succcssfully, and referring the reader 
to my previous letter for an explanation of 
the performances without phJsical contact, 
I am, YOUl'S, very truly. 
ALEXANDER E. OU'fERBRIDGE, JR. 
PmLADELPIIIA, November 2û, ISH. 


u FLO]{ID
\. LIZ.\.RDS." 
To the Editor of the Popular &ierwe J[ontltl.1l. 
DEAR SIR: In corroboration of 
Ir. Gill. 
man's statements regarding the change of 
color or " chameleonization " of the Florida 
li7ard (the species of which I presume to be 
Anolis principalis), and which is noticed in 
the December number of THE POPULAR SCI. 
E
CE )b
l'IIL Y, permit me to say that, in 
1871, while in Korth Carolina, I had a num- 
ber of these lizards in captivity for the pur- 
pose of studying and obser'ving their hab- 
its, and in 1873 published in the Rod and 


3 6 3 


Gun a short paper as the results of my ob- 
servations, which funy confirm those made 
by MI'. Gillman, as the following extract 
will show: ". . . '1ìhe first peculiarity no- 
ticed about them was their change of col- 
or; befol'e retiring for the night a sheet of 
paper was thrown over the box, and re- 
moveù the next mornin
. To IllY amaze- 
ment my pets, that had been a ,.ivid gr'cen 
color the day before, werc now of a dirty- 
brown tint, and c>..trcmely sluggi
h in their 
movements; but, to my great delight, so 
soon as the rays of the sun fell upon them) 
the green returneù, anù they became a8 
lively as ever. rrhis change of color is 
very curious and peculiar, taking place uu- 
del' a variety of cÏl'cumstances. For in- 
stance, after burrowing- in the sods (with 
which their box was lined) on their return 
to the light they would at fit'st be bl'OWD) 
but recovered their normal tints short1y 
afterward, 'Vhen asleep the green color 
would Í1'equently be replaced by brown, and, 
still more curious, if during the ùay thß 
sun for any length of time was obscured by 
clouds, the same effect was produced. The 
m:tnner' in which the green tint rep}accù the 
brown was very interesting. In some in- 
stances a little patl'h of green would ap- 
pear on the end of the snout, others wonld 
appear in different portions of the body; 
these would extend and gradually coalesce 
until the whole body had resumed its usual 
tint." During the procreative act, there was 
an ever-varying change of color from the 
most vivid green to dull, dusky brown. 
During anger, anù while feeding, these 
changes were very noticeable. I ha,'e never 
seen the colors change so rapidly as 
Ir. 
Gillman states, but this may be due to the 
fact that his observations were maùe upon 
individuals free and unrestrained of thcit" 
personal li be r"ÌY, mine upon captÌ\?es. 
Respectfully yours, 
H. C. YARROW. 
SMtTlISONIÄl'I INSTITt:"TIOY, W ASlllXGTON, D. C., l 
.-.\
ovemõer 20\ l
H. f 
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THE DOGTORLYG OF DAR 1f7S: 
T ilE L"niversity of Cambridge, with 
much écillt, recently conferred the 
degree of L L. D. upon Mr. Charles 
Darwin. This circumstance has elicit- 
ed much diversity of commûnt on the 
part of the press. Some maintain that 
the conferring of this honor is to be con- 
strued as a virtual indorsement of the 
doctrines that arc associated with the 
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name of this eminent naturalist; and 
they regard the action of the univer- 
sity as a triumph of the aùvanced bio- 
logical school over the clerical and con- 
servative party by which the unÌ\?crsÌ- 
ty JUlS been hitherto dominated. Oth- 
ers maintain that the proceeùing- is sus- 
ceptible of no such interpretation, but 
t1Ult the degree was awarùed simply in 
recognition of the important services of 



,64 THE POPULAR SCIENCE )f01.VTHLY. 


Mr. Darwin in the general field of nat- ume on " The Origin of Species," pub- 
ural history, regardless of those pecul- lished ill the same year. Aside from 
iar doctrines which have beconle identi- any question of the truth of the hy- 
fied with his name. There is probabJy pothesis there presented, or any ques- 
t- 
truth in both views sufficient to make tion as to the exclusiveness of }'ir. Dar- 
out a case. It is not to be denied that win'8 claims in originating it, t11ere can 
:Mr. Darwin has done a great deal of be no doubt that this book has proved 
valuable original scientific work as an one of the most powerful provocatives 
observer that has enriched bioJogical of inquiry that have appeared in mod- 
science, quite independent of Ùle hy- ern times. If, therefore, Cambridge 
pothesis that he has contributed so had been animated with a true spirit of 
much to elucidate. nut, on the other liberal scholarship, it is impossible to 
hand, it is pretty certain that, notwith- see why she did not accord the doctorial 
standing the extent of these merits and honor to Mr. Darwin fifteen or twenty 
cJaims, Cmnbridge would not have spon- years ago. 
taneously honored a man who has come It would seem that the current no- 
to be the representative of all that is tion that these great schools are influ- 
most obnoxious in the inexorable ad- enced by just and generous ideals in 
vance of modern science, unless l1Ïs the bestowment of their honorary de- 
friends had vigorously bestirred them- grees is very much of an illusion. They 
selves to secure the result; and from exhibit little alacrity in detecting merit, 
this point of view the action of the and signalizing talent in its eady and 
institution nlay be fairly looked upon decisive displays, when their recogni- 
as a victory of liberal ideas over the tion would be of some gervice to the 
traditional narrowness, prejudice, and recipient. They wait until they get 
intolerance, which rule in the great more than they give bJ the transaction. 
seats of English learning. For, if Cam- 'Vhen a man of intellectual power has 
bridge meant Inerely to grant its honor fought his way to fame, and become in- 
to a di
tinguished man of science, the different to factitious honors, or when 
question arises, "Why has she not done a man of force has won some noto- 
it long before?" 1[1'. Darwin's labors riety that makes hÎJn conspicuous, so 
were widely known and thoroughly I that everybody is watching and talk- 
appreciated by the highest scientific ing about him, the universities are then 
bodies. He began his career as a nat- ready enough to avail themselves of the 
uralist at the age of twenty-two by advantages that may arise from thei.Í' 
joining the expedition of the Beagle, association with IJis name. Cambridge 
which went on a four years' exploring was probably reluctant in this partic- 
tour around the world. "
hile absent ular case, as its short-sighted authori- 
and at the age of twenty-five, he was ties probably thought that they might 
elected a Fellow of the Royal Society, lose more than they should gain by 
and he contributed an elaborate volume crowning Darwin with the doctorate; 
narrating his discoveries in natural his- but, as remarked by the editor of .lYa- 
tory and geology, which was issued ture, the university seemed conscious of 
upon his return, and separately repub- the honor :Mr. Darwin was conferriJ?g 
lished in 1845. Other important works upon it, and the enthusiasm of the per- 
followed; in 1853 the Royal Society formance will no doubt satisfy the au- 
awarded to l1im the Royal Medal, and thorities that they have done a good 
in 1859 he received the 'V ollaston }'led- stroke of business, as coming genera- 
al from the Geological Society. The tions win assuredly view the matter in 
Dlatured results of an his natural his- a very different light from the way it 
tory studies were embodied in a yol- has been viewed in the past. 
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THE SU
V-SPOTS AND THEIR EFFECTS. 
TIlE vhenomena of sun-spot::; are 
now familiar: multitudes of people 
have seen them, and everybody has 
read about them. It is well known 
that the surface of the sun i
 not that 
uniform disk of light that it was for- 
merly supposed to be, but abounds i
 
gulfs, dark chasms, up-rushing streams 
of flaming gases, and lurid promi- 
nences, sometimes 100,000 miles l1igh. 
But these striking effects are not uni- 
form: the sea of solar fire, like our 
own oceans, is sometimes violently agi- 
tated and sometimes quiet. The spots 
ar
 variable, being now many and enor- 
Inous in size, and again few and small. 
This periodicity, moreover, is proved 
to be regular. Prof. Schwabe, of Des- 
sau, discovered that, instead of being 
uniform in number and intensity fronl 
year to year, spots increase and decline 
at definite rates for a term of years. 
As a result of 9,000 observations, dur- 
ing which he discovered 4,700 groups, 
he traced three complete oscillations 
from maximum to minimum, which he 
estimated to take place in about ten 
years. Prof. 'YoU, of Zurich, went 
into an exhaustive history of the sub- 
ject, and, by collating a ,ast nmnber of 
observations and records from 1750 to 
18GO, he verified Schwabe's general re- 
sults, but showed that the period of 
oscillation is about eleven years. His 
data, scattered through a course of 140 
years, comprehended observations in 
the seventecth century made on 
,113 
days; in the eighteenth century, on 
5,490 days; and in the nineteenth cen- 
tury, on 14,8GO days, or a total of 22,4G3 
day
. On this broad basis of observa- 
tion, made with no reference to any 
hypothesis of variation, it is established 
that the solar energy changes in inten- 
sity ùy a l'egular law of rise mul fnll 
from fi maximum to a minimum of ef- 
fect; ana that the maXinHlIl1, or great- 
est activity, coincides with the period 
of violent perturbation when tJ1ere is 
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the greatest number of eruptions of 
heated matter from below, and the 
most conspicuous display of sun-spots 
and prominences; wl1Île fit the mini- 
mum periods these manifestations are 
greatly reduced, or almost entirely 
wanting. 
It is now an admitted fact of sci- 
ence tll.at the earth is dependent upon 
the sun for the chief portion of the en- 
ergy by which terrestrial effects are pro- 
duced. 'Vlth the exception of the eLb 
and flow of tIle tides, all the forms 
of earthly power are recognized as hav- 
ing, directly or indirectly, a solar ori- 
gin. 'Vind-power, water-power, steam- 
power, the activities of organic growth, 
all animal energy, and the gre3t phe- 
nomena of changes in the crust of the 
globe, due to the circulation of waters 
through atmospheric 3geney, are c3.used 
by the forces of solar radiation. But 
if HIe solar energy is variable, the ques- 
tion naturally arises, "Is tlult variation 
manifested in terrestrial effects, and, if 
so, in what manner, and to what ex- 
tent?" The subject is vast and new, but 
the indomitable energy of nlodern sci- 
entific inquiry lws rapidly accumulated 
evidence which answers the first ques- 
tion in the affirmative, and gives in- 
structive replies to the others. The 
sun-spots, for thousands of years un- 
known, and for centuries after they 
were kno wn regarded as Jllere mat- 
ters of curious and idle speculation, are 
now linked indissolubly to the whole 
scheme of activity whic11 we obserf"e 
upon earth, and of which we are our- 
sel \yes n part. Even the famines b
r 
wllidl nations are periodicaUy ùeso- 
lated seem to be connected with this 
intermittence 
f solar energy. The 
eviùence npon the suhject has ùeen 
summed up in an able and impressive 
paper contributed by :Messrs. Lockyer 
and Hunter to Tlw ..LYinctæ71tlt Cen- 
tury, and which will be found in full 
in No. '
IIr. of THE POPCJ.AH SCIEXCE 
S-CPPLE:\IEXT. "e can here do little 
more than indicate the remarkable con- 
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nections that have been disclosed he- and America exhibit a true periodicity 
tween the variations of solar activity ('losely following the magnetic periods, 
and resulting terrestrial phenomena: but not perfectly identical with them; " 
1. The fir::;t coincidence observed and Mr. Charles V. 'Valker, t.elegraphic 
was in the field of terrestrial magnet- supel'intenJent, holds as an established 
ism. " A freely-suspended magnet, al- fact that "earth - currents, disturbed 
though it points in one direction, is magnetometers, and aurora, are part5 
nevertheless, within small limits, al- of the same phenomenon." 
ways in motion. Certain of these mo- 8. There is evidence of thermometric 
tions depend, as is wen known, upon variations, or fluctuations of tempera- 
the hour of the day; but the magnet ture, in periods coinciding with the sun- 
is also liable to irregular, abrupt fluc- spot cycles. The observations in this 
tuations, which cannot be connected case are, however, nluch compltcatéd 
with the diurnal oseillations. 'VhiJe and obscured by the agency of the at- 
Hofrath Schwabe was engaged in de- mosphere, which acts as a screen upon 
Jineating the sun-spots, Sir Edward the earth's surface, dbturhing the radia- 
Sabine was conducting a series of ob- tions that would affect our thermome- 
servations with regard to these spas- tel's. But a large number of observers, 
roodic affections of the needle, and he among whom are Baxenddl, Bland- 
found that such fluctuations are most ford, Stewart, Roscoe, Piazzi Smyth, 
frequent in years of high sun-spot ac- Stone, and Köppen, have accumulated 
tivity." Nearly a hundred years ago, numerous observations both in the tem- 
Van Swinden had suggested a perio- perate zones and in the tropicR, showing 
dicity in these irregular magnetic mo,e- that" the calorific intensity of the sun's 
ments. Gauss, .....LÌ.rago, Lamont, ar:.d rays is subject to periodical changes, 
Gautier, pursued the research, and es- the n1axima and minima of which cor- 
tablisbed the existence of a cycle of respond respectively with those of sun- 
magnetic variation having an eleven- spot frequency." 
year period, the maxima and minima 4. The wind - disturbances of the 
agreeing with the Inaxima and Ininima . eartll's atmosphere follow the same law; 
of sun-spot activity. SchiapareUi and there being a coincidence between the 
Broun have confirmed these results, frequency of cye10nes and sun-
pots. 
and the latter obser\?er concludes that, Observations on opposite sides of the 
while the sun-spot actÎ\?ity is not an ex- world, and in the tropics where wind- 
act Ineasure of magnetic action, "each disturbances are most violent, lead to. 
is a distinct result due to the same the cone1usion, as stated by Mr. Mel- 
cause." This dbturbance is so great drum, that" the whole question of cy- 
that, in years of maximum sun-spots, clones is Ii question of solar activity; 
the working of the telegraph has been and that
 if we write down in one col- 
po\yerfuUy interfered with. umn the number of cyclones in any 
2. Connected with t.hese effects there gh-en year, there win be a strict rela- 
have been observed corresponding dis- tion hetween them-many sun spots, 
turbances of electrical activity. A mag- many hurricanes; few sun-spots, few 
netic storm never rages without vari- hurricanes." , 
ous accompanying signs of electrical 5. Confirmatory evidence of this is 
excitement. These are seen in auroral found in the recor<.18 of shipping-disas- 
displays that in their varying intensi- tel's. From the returns of marine casu- 
ties conform to the magnetic cycles. alties posted on Lloyd's loss-book it was 
Prof. Loomis, of Y:Jle College, after a found that they di5clo
e " a cycle close- 
critical study of the subject, "concluded ly corre
ponding with the sun-spot pe- 
that the auroras observed in Europe riod. The percentage of cmmalties on 
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the registered vessels of the United J the remaining drought (1853-'55) ex- 
KingdOIl1 (Great Britain) was 17t per tended over a year immediately preced- 
cent. greater ùuring the maximum two ing the minimum group, and two years 
years in the common cycle than during within that group; the famine itself 
the minimum two years." resulting within the minimum group. 
û. It has been further shown by t.he Three of the six years of drought fdl 
observations of Baxendell, Melùrum, exactly in years of minimunl sun-spots; 
Rawson, Jelinek, 'Vex, Dawson, IIen- one fell in the year preceding a year 
Dessey, J3roun, and Brockelsby, that of minimum sun-spots; one fell in the 
there is a fluetll
tion in the f
tn of rain second year preceding a year of mini- 
in which the same law may be traced; mum sun-spots; the remaining drought, 
that is, "a connection between the va- 1853-'55, fell in the first, seconò, and 
riations of the sun-spot area and the third years preceding a year of Inini- 
annual rainfall; the rainfall rising above mum sun-spots. . . . No famine in Ma- 
the mean when the sun-spot area is dras has been recorded from 1810 to 
in excess, anù falling below the mean 1877, caused by a drought lying entire- 
w hen in periods of small sun-spots." ly outside the minimum group of sun- 
The monsoons are the great sources of spots anù rainfall." 
rain- supply at Madras, in India. The We llave here been able only to 
r
infaU cycle bas been traceù out in hint at the points made in the paper 
tbat country, and the deficiency and referred to. The case is strong, in fact 
excess of rain connected with the great much of it demonstrative, yet it is, of 
solar periodicities. The writers whom course, most incomplete. Though im- 
we are following say, for example, that pOl.tant practical conclusion8 bave been 
" the water-supply brought to 
ladras reached, the investigation is in its cruòe, 
by the southern monsoon is 2ü! per preliminary stage, wbere the truth is 
cent. gl'eater in ordinary years than in caught vaguely and by glimpses rather 
the years of minimum sun-spots." And than seen clearly and by a steady gaze. 
again, "there is a rain-cycle of eleven Yet it is a magnificent research, with 
years at 1tlndras which coincides with already-assured results anò a splendid 
the cycle of sun-spots; the periods of promise. 'Ve commend the subject to 
Inaxima and minima in these two cycles the consideration of those who bolù 
disclosing a striking coincidence." that science, to be genuine, must have 
7. The variation in the rainfall of becOlne exact, certain, and perfect. 
India involves the food-supply of that 
country, anò is a question of famine and 
starvation. Observations on the varia- 
tion of water-supply, in India, of course 
go no further back than the introduc- 
tion of rain-gauges. Commencing the 
inquiry in the year 1810, MeRsrs. Lock- 
yer and Hunter say: "The years of fam- 
ine in Maùras since that date have been 
1811, 182-1, 1833, 1834, 18GG, and 1877. 
These fnmincs were caused ùy deficient 
rainfall in tho preceding years, name- 
ly, in 1810, 1823, 1832, 18.}3, 18G5, and 
187H. Now, fi \?e out of these six years 
of drought fell within the three years' 
group of minimum rainfall :1l}(1 
nn- 
spots (shown in the foregoing taùles) ; 


THE SOIENCE OF SOCIETY. 
,,'" E llave taken the ground in this 
periodical, find we aùide by it, that the 
most important of an suhjects for ftcn- 
eral consideration, and especially for 
the AmerIcan people, is the application 
of science to questions of society and 
government. '\Vhcn the :MOXTIILY start- 
ed, we obtained from the foremost 
thinkc,r of onr times in thb gro\ving 
departmcnt of inquiry a 
eries of papcr
, 
in popular form, dC5igncd to present 
the character and elaims, diffi.eulties, 
limits, and expectations, of a true social 
science; so fiS to fix public attention 
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upon tbe subject, and prepare for the I ruled-Ceremonial, Political, Ecclesias- 
more systematic consideration of its tical. 'Ve shall publish next month 
principles. The result was those able the introductory essay on Ceremonial 
articles on "The Study of Sociology," Government, its nature, extent, anù 
by Herbert Spencer, which appeareù in relation to 
 other forms of contro1. 
our pages, and which, collected in a This will be fonowed by papers deal- 
volume, have been subsequently trans- ing with the various elements and di- 
lated into nearly all the languages of visions of the subject, such as "Tro- 
Europe. The subject is one of rapidl.r- phies," H Mutilations," "Presents," 
increasing interest, to which this book "Obeisances," h Forms of Address," 
has in no small measure contributed; "Titles," "Badges and Costumes," 
and we have now the pleasure of an- "Further Class Distinctions," "Fasb- 
nouncing another arrangement with the ion," and the "Past and Futur
 of 
same author, of equal significance and Ceremony." 
promise, in the popular exposition of It need hardly be said that tlwse 
social science. articles will be in a high d
gree original 
Of ltlr. Spencer's present unrivaled and instructive, and will tl)row an im- 
position as the elucidator of the laws of portant ligbt upon the historic unfold- 
man's social progress there is no longer ing of one of the largest divisions of 
a question. He was the first to grilsp social regulation. They will be inyalu- 
the subject in its full breadth, the first able to all 'who care to understand the 
to trace out the completeness of its de- agencies Ly which human conduct is 
pendence upon the sciences, and the controlled, and the modifications which 
first to carry his system of thought into those agencies undergo in social devel- 
practical execution. 'Yhen he began to opment. 'Ve ask our readers to bear in 
publish methodically upon this topic mind that TIlE PoprLAR SCIE
CE MOXTIl- 
seventeen years ago, his project was LY is the only magazine in the L"nited 
regarded as a hopeless chinlera; but States whieh tries to keep its patrons 
the work has steadily gained upon pu b- informed of the advances in tllÎs great 
lic confidence, until its successive vol- field of thought; and we earnestly ap- 
urnes have been all reproduced in the peal to them to do t]leir share in help- 
leading civilized countries. The inter- ing us, by forming clubs among their 
est in the subject is, indeed, now so friends and in their neighborhoods that 
strong and so general that :Mr. Spencer sllall extend the circulation of the 
has been urgently called upon to pub- MONTHLY. "Teare trJing to do a work · 
lish in future in such a D1anner as to of education which our colleges and 
bring his views more promptly and our periodicals grossly neglect; and 
generally before tlle reading world. To our power of accomplishment must de- 
this he lws so far consented that we pend upon the vigor and liberality with 
shall be able, jointly with the English which we are sustained by those WllO 
find Continental periodicals, to repre- appreciate the Importance of the labor. 
sent for a considerable time the ad- 
vancement of Ins sociological work. 
The yolume of "The Principles of 
Sociology," just published, deals with 
the primordial conditions of the sub- 
ject, and with the genesis of those 
early ideas and feelings which give 
origin to primary social collesions and 
groupings. The next volume is to treat 
of the evolution of the various forms 
of government by which society is 
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THE :METHODS OF ETHICS.. By HEXRY SIDG- 
WICK :M. A. Second editiòn. :Macmillan 
&, Co:, London. Pp. 469. Price, $4. 
THIS work, which upon its first appear. 
ance made a !Strong impression upon philo- 
sophical minds, has passed to a second edi- 
tion, with numerous alterations and addi- 
tions; the main part of which, as the author 
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says, are of an cxplanatoryand supplement- I man.him:clf, in his organic an
 r
cial modi- 
ary nature. The improvements are here ficatlOns,lllustrates the same prmcIple-then 
manifest, and we cordially testify that the may it become a prime question in ethics 
second cùition is much less intricate and as to tbe right and wrong of conduct in 
obscure in statement than the first. It will different stages of social unfolùing. 
hould 
be remembered, by those who happen to it in fact turn out that the factor which :Mr. 
have read it, that the book is rather Sidgwick at first excluded from ethical in- 
critical in character, and is devoted to an quiry, becomes, at length, its dominant fac- 
eX.lmination of the grounds and sufficiency tor, it will be but another illustration of that 
of existing ethical methods, rather than to inversion of values of which we have al- 
the propounding of any new system. From ready so many examples in the history of 
this circumstance, together with the infelici- progressive thought. 
ty of statement which so marked the first 
edition, there was often much perplexity to 
know what Sidgwick himself believed, and 
what he was driving at. In the preface 
to the second edition, the author refers to 
the character of his new matter, and indi- 
. cates various points in which his views have 
been modified under the influence of the 
critical attention his volume has received. 
One thing is somewhat significant: 
Ir. 
Sidgwick is a man given to highly-abstract 
studies, and he therefore occupies a prov- 
ince that has been thus far least affected by 
the progress of phY3icai and biological sci- 
ence. He heard a great din in an adjacent 
field about evolution, but as it did not seem 
to affect him, he paid little attention to it. 
When, however, the claim waS made that 
ethics, like almost everything else in this 
world, must be influenced by evolutionary 
doctrine, he put in a mild but decisive pro- 
test; and in an article in .J.l/ind maintained, 
virtually, that it makps no difference as to tbe 
present exposition of etbical science how its 
phenomena came about. In thc new edition, 
however, this judgment is modified. In the 
prefa.ce he says, "I have further been led, 
through study of the theory of evolution 
and its app1ication to practice, to attach 
somewhat more importance to this theory 
than I had previously done; " to which we 
mayadd that, in his still further study of 
that theory, he will attach stm more impor- 
tance to it. Possibly, indeed, his views 
may become so much more evolved that 
he will wonder how he could at first have 
treated the subject with so little reference 
to that doctrine. If ethics refers to the 
ohli
ations of conduct, and if the American 
eagle and the .American citizen are not re- 
quired to conform to the same standard-if 
organization comes into the question, and 
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ISIS C"SVEILED: A MASTER-KEY TO THE Mys- 
TERIES OF ANCIENT AND 
IODERN SCU:XCE 
AND THEOLOGY. By H. P. BLAVATSKY. 
New York: J. 'V. Bouton, 1877. Two 
volumes. Pp. 1365. Price, 87.50. 
AFTER a patient examination of these 
massive volumes, we confess our inability 
to find what it is that is "unveiled." The 
dominant aim of the work seems to be to 
establish the identity between ancient mag. 
ic and modern spiritualism, and to show 
that here alone is the ground of a possible 
compromise ill the contest between religion 
and science. It is but fair to say that the 
author declines to be considered an ordinary 
spiritualist, which is certainly creditable to 
her, but we must refer those who are cu- 
rious to know in what manner she differs 
from them to the book itself, with the hope 
that they will be more successful than we 
have been. The first volume professes to 
be devoted to science, and the second to 
theology; and, in dealing with science, much 
space is given to the refutation of the idea 
that it is infallible. "orheD that assump- 
tion is set up, this part of the author's effort 
will become pertinent, and will be, no doubt, 
appreciated. Scientific men are scolded by 
her, in a copious variety of diction, because 
they will not U investigate" the spiritualis- 
tic hypothesis. This is quite in the vein 
of the ordinary 8pirituali
t, and i:õ; far from 
new. 'Yhcn the so-called spiritualist's hy- 
pothesis is offered for investif!ation 011 the 
same terms and conditions as the other prob- 
lems of Nature, there will be no difficulty 
in getting it investigated. Two or three 
things are es;ö:ential to a legitimate scientific 
hypothesis: It must be expressed in intel- 
ligible terms; it must present a definite sub- 
ject-matter for solution or determination; 
and it mllst be one by which predictions can 
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be made that can be proved or disproved by 
experiment. In regard to the phenomena, or 
the alleged facts, the whole question hinges, 
of course, upon the character of evidence; 
but here we must say that the author of 
" Isis Unveiled" sho" s not the slightest dis- 
crimination. There is displayed a great fa- 
miliarity with magic lore, and a deal of in- 
dustry in getting together a vast medley of 
materials. Bible-stories, lcgendb from all 
land8, from all times, ancient and modern 
accounts of witchcraft, newspaper reports 
of table-turning, mind-reading, levitation, 
the p
ychological vagaries of a novelist, like 
Bulwer, and the results of scientific research, 
are all rakE'd together promiscuou3ly and 
accorded equal weight. There is no at- 
tempt toward a systematic arrangement of 
these multitudinous materials, nor are they 
hcld together by anything deserving the 
name of reasoning or argument. 'Ye are 
reminded by the book of nothing so much 
as the rush of d
bl'i8 which passes through a 
sewer after a summer shower. Everything is 
washed along-garbage, remnants of things 
once valuable, with now and then something 
that might be of real worth if sifted out 
- and the whole borne on by a turbid 
watery medium which takes its quality from 
the dirt it carries. 
'Ye should say that the work evinces 
great reading in certain directions, much 
ill-digested learning, a curious credulity in 
these times, and a strong tendency to mys- 
ticism. It is sure to find readers, as it deals 
with questions which interest all, and in a 
manner that will be satisfactory to many. 
L"nhappi1y, edueation ha
 not been carried 
f..'tr enough to teach the people to distinguish 
between the valuahle and the worthless 
among things printed, and we have no doubt 
there are many who have gone through col- 
lege and acquired nothing that will protect 
them from accepting U Isis Unveiled" as 
pretty fair gospel for these days. ".. e may 
add that, aside from the uses for which the 
author designs them, there is a large amount 
of curious information, facts, and opinions, 
in her volumes which will be interesting to 
many, and are elsewhere inaccessible to or- 
dinary readers. 


BGLLETIXS OF THE U. S. EXTmlOLOGICAL Cm[- 
)IIS:-iIO
. Kos. 1 and 2. 'Yashington, 1877. 
THESE pamphlets are issued under the 


auspices of the U. S. Geological Survey, and 
are designed to contain such special infor- 
mation of interest or importance in connec- 
tion with the objects of the commission as 
may from time to time seem useful. 1'he 
first bulletin was published in April, and 
gave instruction as to the destroying of 
the :young insects, which should be done 
throughout the 'Vest during April, May, and 
June. Number 2 is filled with the natural 
history of the locust. It is a good com- 
pendium of the habits of the pest, and is 
illustrated by woodcuts and a map. Prof. 
C. V. Riley is presumably the writer of 
both numbers. 


OGTLINES OF 
IODERS CHEMISTRY, ORGA
IC, 
DASED IX PAnT GPON RICHES' J\f.A
TEL DE 
CnDuE. By C. GILBERT \V HEELER, Pro- 
fessor of Chemistry in the 'Cniversity 
of (,hica
o. A. S. Barnes &, Co., New 
York. Pp. 231. Price, 81.75. 
THIS is a practical w
rk, and has been 
prepared with especial reference to thc re- 
quirements of medical students. The au- 
thor remarks that it would have been easier 
to compile a larger book, from the bewilder- 
ing wealth of results afforded by the labors 
in this branch of science, but he has pre- 
ferred to prepare a concise and per:.picuous 
outline of the subject, designed to follow 
some previous work on inorganic chemis- 
try. The book is very neat in form; paren- 
thetical references are given to authorities 
and original papers; pains are taken to 
give due prominence to the researches of 
American chemists; and the volume is sup- 
plemented by a careful and copious index. 


TnRoGGH ROME ON: A Murom OF CURIS- 
TUX AND EXTR.A-CIIRISTIA
 EXPERIE
cE. 
By NATHAI\JEL RA'\ISAY 'VATERS. Kew 
York: Charles P. Somel'by. Pp. 452. 
Price, 81/l5. 
By Rome, the author here means the 
Roman Catholic form of Chri
tianity. He 
earl.v migrated out of Protestantism, and, 
having settled for a while in Catholicism, 
moved out into the region of religious doubt 
and denial, where he claims that he first 
found true peace. The book is a sort of 
theological autobiography, in which he vis- 
ibly and forcibly de]ineates his mental ex- 
periences as a Protestant, a Catholic, and a 
skeptic. It is earnest in spirit, keenly con- 
troversial, and contains many views which 
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mark the author ;is a man of reflection and 
originality. 


THE 'V ORLD'S PROGRE:-S: A DICTIOXARY OF 
DATES; BEIXG A CHROXOLOGICAL AND AL- 
PIIABEl'lCAL RECORD m' ALL E:;SEXTIAL 
:FACTS I
 THE PROGRESS OF SOCIETY, 
}<'RO\[ TilE CREATIOX O}<' THE 'Y ORLD TO 
THE PRF.SEST Tnm. ""lth a Chart. Ed- 
ited by GEORGE P. l'UTN..UI, A.)[. Re- 
vised and continued to August, 1877, by 
]!'. B. PERKINS. X ew York: G. P. Put- 
nam's Sons. Pp. 102ù. Price, 8,1:.50. 
THIS old and standard book of reference 
has been revised, brought up to time, and 
is now reported as in its twenty-first edi- 
tion. It contains a great amount of infor- 
mation, and, when the method of it is un- 
derstol)d, it is conveniently available for 
use; but it may be observed that if the 
world's progress had taken place in accord- 
ance with the plan of this work, it would 
have been a somewhat mixed and chaotic 
affair. The chronological tables conform 
to the idea of historical progression, but 
the main body of the book consists of Hay- 
den's "Dictionary of Date:;:," in which the 
events of the world are represented, not in 
the order of time, succession, and causality, 
but in the alphabetical order, and to this 
the progress of things has fortunately not 
conformed. 


HISTORY OF TIlE OTTmlAN TL'RKS FRml TIlE 
Ib:GINXI
G OF TIlEIR E'IPIRE TO THE PRES- 
EST TnIE. By Sir EDWARD S. CREASY, 
M. A., late Chief-Justice of Ceylon. First 
American edition, from the new revised 
En
lish edition. New York: Henry 
Holt &. Co. Pp. 558. 
THE interest of the Eastern question in 
England has risen to such a point as greatly 
to stimulate the demand for works relating 
to the countries now implicated in war. 
Sir Edward Creasy has thus been led to re- 
vise and republish his history of the TUl'k
, 
which has been long out of print, and ]\[1'. 
Holt has done a good service to American 
literature in adding the book to his valuable 
series on the Oriental countries. The repu- 
tation of its author is a guarantee of its e
- 
cellence, and in making the book over he 
seems to have spared no pains in the con- 
sultation of all authentic sources of informa- 
tion. Judge Creasy says, in his preface, that 
the mo:.:t important historical work on the 
Turks is b)' the German Yon Hammer, who 
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has dealt with the subject so exhaustively 
that his history, if translated, would make 
at least twenty English octavo volumes. He 
has followed this author closely in tbe l'ecón- 
Btruction of his own work, and he speaks of 
the German treatise to which he is so much 
indebted in the following terms: 
,. Von Hammer's 'IIistory of the Ottoman 
Empire' will alwaYB be the standard European 
hook on this subject. The history was the re- 
8ult of the labors of thirty year
, during' which 
Von Hammer explored, in addition to the au- 
thoriticfì which bis predecessors bad made Ube of, 
the numerous works of the Turki
h and other 
Oriental writers on the Ottoman history, and 
other rich sources of intelligence which are to 
be found in the archives of Venice, Austria, and 
other states that have been involved in relations 
of hosti1ity or amity with the Sublime Porte. 
Von IIammer's long re8idence in the East, and 
his familiarity with the institutions and habits 
as well as with the language and the literature 
of the Turks, give an additional attractivcne
s 
and value to bis volumes. IIis learning is as ac- 
curate as it is varied; his honesty and candQr 
are unquestioned; and bi.s history is certainly 
one of the best productions of the first half of 
our century." 


ETH:XOGR..\PHY A
D PHILOLOGY OF TilE HI- 
DATSA INDIANS. By 'V ASHINGTO
 lLu- 
THEWS. Pp. 245. "r asbington: Gov- 
ernment Printing-Office. (K o. 7 of 
"Miscellaneous Publications" of Hay- 
den's Survey.) 
THE author of this monograph, while 
stationed at a military post in Dakota Terri- 
tory as assistant surgeon, availed himself of 
the opportunity thus afforded of studying 
the manners and customs and the language 
of the neighboring Indian tribe-the Hidat- 
sas or Minnetarees. Among the subjects 
treated under the head of ethnography are 
ceremonies, mythology, marriage, relation. 
ships, hunting, divisions of time, etc. The 
philological section is very elaborate, con- 
taining a systematic grammar of the lan- 
guage, a pretty full lIidatsa-En
lish dic. 
tionary, an English-Hidatsa vocabulary, and 
a li::;t of local names. 


BrLLETIXS OF TIlE U. S. GEOLOGIC \L A:XD 
GEOGRAPHICAL 8C'RVEY OF TilE TERRI- 
TORIES. Vol. III., No.4. 'Yashington, 
1877. 
TIlE bulletins of the U. S. Gl\olo
ical 
8uryey, i-::med by Dr. Hayden to facilitate 
the publication of the work done by the sci- 
entific men of his staff, and to place before 
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the public speedily the results of his ex- to the date when the din.linution will have 
plorations, have now reached the completion reached its minimum and the ascent recom- 
of their third volume. The last number is mence, the observations being too incom- 
mainly of interest to entomologists, contain- plete for that purpose. 
ing an account of the first discovered traces The" Report on the Menagerie" does not 
of fossil insects in the .\.merican Tertiaries, show that feature of the park to be in a 
by Mr. S. H. Scudder. This paper, of 20 growing condition. During the year 1876 
pages, is a complete statement of past and but nineteen dollars was expended for the 
present investigations, showing a record of purchase of animals, while additions by do- 
forty-six described fossil species, of which nation, births, exchanges, and losses, have 
more than half belong to the Ðiptera. MI'. all fallen off. The number of animals on 
Scudder also describes two species of Cara- exhibition at the close of 1876 was: mam- 
bidæ from interglacial deposits near Toronto, mals, 184; birds, 394; reptiles, 5: total, 
C. 'V. The remaining papers in the number 583. The value of those owned by the 
are a description of a new crawfish (Cam- department is $15,554; owned by exhibi- 
barus Couesi) from Dakota, by Dr. Thomas tors, $47,390. This result is doubtless due 
H. Streets; and three paleontological pa- , to a reduction in appropriations. It would 
pel's, by Prof. E. D. Cope, upon reptiles and seem that the menagerie was deserving of 
fishes from Colorado and 'Yyoming. A a little more fostering care, for that it is 
vel'y minute index to the whole volume a feature which largely interests the public 
concludes this number. is shown by the great number of visitors, 
estimated at 3,000,000 for the year. 


1. ANXUAL REPORT OF THE KEW YORK ME- 
TEOROLOGICAL OBSERYATORY FOR 187ß. 
By DAXIEL DRAPER) Director. Central 
Park. 
II. REPORT ON THE CENTRAL PARK 
IEXAG- 
ERIE, FOR 1876. 1\ ew York: by \\
. A. 
COXKLlN, Director. . 
THE first of these handsome pamphlets 
consists chiefly of tables giving the results 
of the daily obRervations at the park, as to 
the heights of the barometer; force and di- 
rection of the wind; rainfall; temperature, 
etc. The value of a single volume of this 
kind is very small, but the great importance 
of such records when extending over a great 
length of time and a wide area is bf'ginning 
to be duly appreciated, not only by scien- 
tific men, but by the business community 
generally, being often consulted, Director 
Draper tells us, for legal and other pur- 
poses. 
Last year the director was engaged in 
examining the question, "Has there been 
in late years any change in the rainfall of 
Kew York City, or its vicinity, to affect se- 
riously its water-supply 
 U His conclusions 
nre, that for a series of year
, up to 1869, 
the rainfall was increasing; "it then showed 
a tendency to decrease. There are, un- 
doubtedly, cycles of rainfall, as there are 
cycles in sun-spots and other astronomical 
phenomena, occupying years for their com- 
pletion." Ko predictions are ventured as 


1. O:s- SmIE L XEXPLAIXED PHEXmIE
.A. IX 
THE GEYSER BA
HNS OF TilE Y ELLOWSTOXE 
PARK. 
II. THE TWO-OCEAN 'VATER: THE UNIO
 OF 
THE ATLA:STIC AXD PACIFIC OCEANS IX 
THE ROCKY 
IO{;NTAI
S. By THEODORE 
B. CO:YSTOCK, B. S. 
THE object of the first of these papers is 
to call attention to the importance of im- 
proving all opportunities for research, in the 
region of the National Park on the Yellow- 
stone, concerning the rare phenomena pre- 
sented bJ the geysers. These striking feat- 
ures are rapidly waning, and must be stud- 
ied soon if studied at aU. 
The "Two-Ocean 'Yater" is, it would 
seem, a verity, the fact having been estab- 
lished by the expedition of Captain "T. F. 
Jones in 1873. Between Flat Mountain and 
the Yellowstone Range, and near the head- 
waters of the Snake and the Upper Yellow- 
stone Rivers, there is a rivulet which wa
 
found to divide, "one portion gliding silently 
into the river behind us, to find its way at 
last into the Gulf of 
lexico, while the other 
branch descended in front to join the 
westward-flowing waters of the Columbia, 
1 1 ia Snake River, finally reaching the Pacific 
Ocean." The stream bears the name of 
"Two-Ocean Creek," and its two branches 
are named respectively Atlantic and Pacific 
Creeks. 



LITERARY NOTICES. 


THE A)IERICAX P AL:EOZOIC FOSSILS: A CAT- 
ALOGUE OF THE GE
ERA AKD SPECIES, 
WITH THE XA)IES OF AUTHORS, DATES, 
PLACl<:S 010' PCBLlCATIO
, GROUPS OF 
ROCKS IN WHlcn FOCSD, Al'<H TilE ETY- 
\fOLOGY A
D SIGXU'ICATIOX OF THE 
'V ORDS, AXD AN IXTRODUCTION DEVOTED 
TO THE STRATlGRAPIIICAL GEOLOGY OF 
THE P ALÆOZOIC ROCKS. Bv S. .\.. Mn.- 
LER. Cincinnati, Ohio: The Author, 
No.8 'V. Third Street, 1877. Pp. 253. 
'VE give this long title in full, as it ex- 
phins ill as few words as possible the scope 
and contents of a very useful book. It is 
a check-list of American Palæozoic fossils, 
but it is something more; and the added 
features are those which will make it spe- 
cially welcome to students and amateurs 
who d;J not have access to large libraries 
and colJections. 
The labor of collecting and armnging 
the materials for such a work is very great, 
and will, we hope, be appreciated sufficient- 
ly to reward the author in some df'gree for 
bis painstaking zeal. 
Å paper on the" Construction of Sys- 
tematic Names in Paleontology," by Prof. 
E. 'V. Claypole, forms an important part of 
the book. 


SERPEXT AND SIVA ,y ORSHIP. By HYDE 
CLARK, M. .A. I., and C. S. ,V AKE, M. A. I. 
Edit('d by ALEXASDER 'V ILDER, .M. D. 
New York: J. 'V. Bouton. Pp. 48. 
Price, 50 cents. 
THESE papers, reprinted from the Jour- 
nal of the Anth1'opological Institute of Great 
Britain, are examinations into the nature 
of the worship of the serpent, with a view 
to tracing its origin and connections, and 
are important as contributions to the ma- 
terial from which alone a philosophical 
theory of sociology can be formulated. 
The facts cited confirm Mr. Spencer's con- 
clusions as to the intimate relations be- 
tween ophiolatry and ancestor-worship. 


ON A SCIEXTIFIC COlTRSE OF STUDY. A Paper 
read before the State Teachers' Associa- 
tion of Iowa, by Prof. C. E. BES
EY. 
Pp. II. 
Tills seems to be in some measure an 
effort to reconcile the antagonism between 
the languages and science as means of cult- 
ure. 
The author is not disposed to underrate 
the importance of the sciences, and makes 


3ï3 


some excellent remarks as to the methods 
of teaching them to the young; the necessity 
of beginning the science-teaching early; and 
also as to the value of the languages as tools 
for the scientific man. But he seems to mis... 
the real question at issue in the" conflict." 
It is not" \rhat kind of training is best to 
produce a scientific specialist?" but " "
hat 
are the relative claims of the study of lan- 
guage and of natural science in giving the 
discipline and culture which will be useful 
in the ordinary walks of life? " C pon this 
point we would refer Prof. Bessey to Prof. 
Rain's article on "Language-Culture and 
the Civil Service," in tbe December number 
of TilE POPGLAR SCIEXCE MOXTIIL Y. 


I. PROCEEDlXGS OF THE DA VESPORT .ACADE- 

[Y OF NATURAL SCIESCES. V 01. II., 
Part 1. Dayenport, Iowa. Pp. 14,8. 
Price, $3. 
II. PROCEEDlXGS OF TIlE BOSTOX SOCIETY OF 
X ATl-RAL HISTORY. V 01. XVIII., Part 
4. Boston. Pp. 104. 
THE first of the above volumes is largely 
taken up with records of the business meet- 
ings of the Davenport Academy, its con- 
dition, etc., interspersed with some papers 
of interest. The majority of these are 
archæological, being descriptive of mounds 
and their contents, illustrated by several 
fine photographic plates of inscribed tab- 
lets. Iowa is rich in these relics of the 
mound-builders, and there is a fitness in the 
Academy devoting itself to a study of the
e 
remains, which are fast disappearing. 
The Boston" Proceedings" is filled with 
the results of more steady-going, thorough 
work, as might be expected from its greater 
age, and its locality in a centre where scien- 
tific men congregate. The table of contents 
includes papers on "The Origin of the Do- 
mestic Sheep," by G. 'V. Bond; U Genetic 
Relations of Stephanoceras," by Prof. A. Hy- 
att; " Reptiles and Batrachians from t he I
th- 
mus of Panama," b}1 S. W. Garman; "Noteq 
on Noctuæ from Florida," by.A. R. Grote. 


X INTH Axxr AL REPORT ON THE N oXlOrs, 
BEXEFICIAL, AXD OTHER IXSECTS OF THE 
RTATE OF Jh
!'orRI. By CHARLES V. 
RILEY, State Entomologist. Jefferson 
City, 1877. Pp. 130. 
Tills continuation of Prof. Riley's labors 
in the field in which he has become so well 
known covers observations on the currant, 
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gooseberry, strawberry, and pine worms; ures, etc., with a serips of appendices g.ing 
the army-worm, Colorado pot.ito-bcetle, statistical information about the govern- 
Rocky Mountain locust, etc.; together with ment, finances, trade, cost of liying, etc. 
the insects which, acting as parasites, help . The authQr says that he found this cor- 
to diminish the number of these pest8. ner of the fielJ of book-making on Egypt 
The illustrations are numerous, drawn almost untouched. K 0 material lay ready 
mO:5tly by the author from Kature; the sug- to his hand, but his facilities for getting it 
gestions are practical, and make the reports were good, and he has made excellcnt use 
valuable to the agriculturist as wcll as to of them. The Government of E
ypt is the 
the scientific entomologist. The locust, or khedive. Legislative bodies, ministers, and 
so-called grasshopper, naturally receive3 cabinets, are mere agents of his personal 
the fullest attention, and certainly the fa- will, and the recent progress i8 due mainly 
cilities for observation have been ample to his wisdom and energy. His highne
s is 
enough for the accumulation of information now forty-six years old, below the middle 
that will be of use, should the \Yest be again height, stout, though not unwieldy, and with 
yi
ited by that scourge. nothing of an Eastern but the native dignity 
: and easy polish of his manners. He devotes 
SA nSGR-BANKS. ...\ Paper read before the I fourteen hours a day for at least three hun- 
American Social Science Assuciation, : dred days in the year to the work of adminis- 
September 5, 1877. By JOH
 P. TowN- tration, is familiar with all the details of na- 
SEXD. New York, 1877. I tional affairs, and in tIle extent and variety 
Tms, as might be expected from t'3e of bis information is as encyclopedic as Dom 
long experience of the author, is a valuable Pedro himself. 
aùdition to 
avings-bank
 literature. I The book ('orre
ts some common mis- 
In the hIstory of the rIse and progres
- apprehensions. Taxation of the peasantry, 
lye had almost said decline-of the system; fm' example, though heavy, is not so op- 
the criticism of past and present manage- pressive nor enforced so brutally as we 
ment; and the suggestions as to the proper bave been given to understand; and the 
way to run such institutions, a thorough system of slavery, though in itself indefen- 
fãmiliarity with the subject is shown. The sible, is not at all such as formerly obtained 
remarks on tbe nature of inyestments are in the United 
tates, and still exists in Cuba 
to be commended to presidents and trustees, and Brazi1. In both these respects the con- 
and the plan for winding up insolvent insti- dition of Egypt is vastly better than that 
tutions would, if adopted, do much to miti- of the nominally ruling country, Turkey. 
gate the loss and suffering which the present An excellent map and a copious index add 
mode of procedure involves. to the value of the book. 
Some space is given to the details of a 
plan for school penny savings-banks, which 
is simple and pel"fectly practicable, having 
been found to work well both in England 
and on the Continent, cultivating habits of 
thrift in the young, and exercising an ex- 
('ellent influence in the communities where 
they have been started. 


HEREDITY: ITs JKFLt7EKCE "["pox THE PROG- 
RESS AXD 'YELFARE OF :MAxKnm. By 
E. X. BRt7SII, 11. D. Buffãlo, 1877. 
Pp. 12. 
HEREDITY AS A FACTOR I
 PAUPERISM AXD 
CRIYE. Bv E. H. PARKER, A. M., )1. D. 
Poughkeepsie, N. Y., 1877. Pp. 12. 
CRI:\II
ALITY. By ,Yo G. STEVEXSOX, M. D. 

 I Poughkeepsie, N. Y., 1877. Pp. 23. 
EGYPT AS IT IS. By J. C. )fCCOAN. 1\ew I . II . f 
York: Henry Holt & Co., 1877. Pp. THESE pamphlets are a reprIllts 0 pa- 
417. Price, 83.75. pel'S read before medical societies, and have 
THE task which Mr. McCoan has under- a common object. which is to show the im- 
taken is, to describe and explain tIle eco- portance of heredity in fixing the organic 
nomic conditions of the New Egypt, as will characteristics of the individual, and so 
appear from the titles of the chapters, which determining the part which he shall play 
include those on the territory, population, ad. in society-characteristics which are, of 
minis:tration, finance, commerce, agriculture, course, modified to a greater or less extent 
public instruction, public works, manufact- by the environment. They are chiefly inter- 
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Proteus; or, Unity in Nature. By C. B. Ra
l- 
cliffe, l\I. D. London and Ncw York: Macmil- 
lan. Pp. 2t2. $2.50. 
Deed and Creed. By Dr. Fclix Adler. New 
York: Putnam's Sons. Pp.248. $1.50. 
Determination of Rock8. By E. Jannetaz. 
New York: Van Nostrand. Pp.1G5. $1.50. 
Creed of Christendom. By W. R. Greg. Bos- 
ton: Osgood & Co. 2 vols. $7. 
Report of the Nashville Board of IIealth. 
Pp. 280. 
Biology. By J. Cook. Boston: Osgood & Co. 
Pp. 337. $1.5i). 
The Sigual Boys. By G. C. Eggleston. New 
York: Putnam's Sons. Pp.218. 
Douhleday's Children. By D. Cook. New 
York: Putnam's Sons. Pp.430. 

Iyths and Marvels of A!"-tronomy. By R. A. 
Proctor. New York: Putnam's Sons. }J p .371. 
$1. Our furrent "-eights and ""Ieasnre
.- 
Report of the CommisE1ionerrs of Agriculture 
(1876). Washington: Government Printing-Of- The absurditIes of our present no-system 
flee. Pp. 447. of weights and measures surpass belief: 
)Iethod!'\ of Ethics. By H. Sidgwick. London 
and New York: Macmillan. Pp.49';. $4. they have thcir parallel in the absurdities 
Geology of Wisconsin. By '1'. C. Chamberlin, of our present no-system of "orthogra- 
Chief Geologist. Vo}. II. Pp. 787. With Atlas. phy," but hardly anywhere else. The ques- 
Vital Maqnetism. By F. T. Parson. New 
York: Adams, Victor & Co. Pp. 233. $1.25. tion of reducing to rule the current Eng- 
At the Court of King Edwin. By W. Leigh- lish orthography is now receiving atten- 
ton, Jr. }Jhiladelphia: J. B. Lippincott & Co. 
Pp.157. $1.25. tion, but the prospects of anything being 
The Electric Register. By Le R. C. Cooley. done arc gloomy enough. So, too, we hear 
From the Journal of the Franklin Institute. Pp.5. 
The Convection Thermoscope for Projection. occasionally of the necessity of reforming 
By Le R. C. Cooley. Pp.4. our weights und measures, but as yet no 
Five Entomological Papers. By C. V. Riley, real P rogress has been made in an y of the 
Ph. D. 
'rom" Transactions of the St. Louis 
. 
Academy of Sciences." Pp.34. English-speaking countries. Our excellent 
Functional Dystocia. By Dr. E. ItI. IIaIe. contemporary, the Engineering and Jlining 
Pp.36. 
Birds of Connecticut. By C. II. 'Merriam. Journal, in the course of an article favoring 
From" Transactions of the Connecticut Acad. the adoption of the "metrical" system, 
cmy." Pp. 16;). 
Circular of Bureau of Eùucation. Washing- gives the following apt illustration of the 
ton: Government Printing-Office. Pp. 28. deplorable multiplicity of standard tOllS now 
Transactions of the Kansas Academy of Sci- in use: 
('nce. Topeka: G. "T. Martin. Pp.75. 
Contributions from the Chemical Laboratory "In a copper-works ore is measured 
of Harvard College. By J. P. Cooke, Jr. Pp. and P aid' for b J T the ( tribute ) ton of 2 , 352 
131. 'nth Plates. 
Admission of Girls to the Bo
ton Latin pounds, from the mine through the mill, 
School. By Presidpnt 'Vurren. Pp.8. till it comes out of the jigs, when suddenly 
Why Scientists are not Chri
tinns. By E. A. it is tran
formed into a ton of 2 , 240 l wunds 
Beaman. New York: E. II. Swinney. Pp. 16. 
Medical Intolerance. By Dr. R. A. Gunn. (the difference, perhaps, going out in the 
New York: )lunroe & )[etz. Pp. 23. tailings ) , which is the tOll of the roasting 
What Anæsthetic 
hall we use f Bv Dr. J. J. 
Chisolm. Baltimore: Sun print. Pp:23. and smelting furnaces and of the teamsters. 
ReptileB, Fi
he!'1. and Leptocardinns of the This continues till the copper is sold or ('ar- 
Bermudas. By G. Brown Goode. From Amel"Î- 
can Journal Qf Science. Pp.10. Ticd over some road:;, when the ton E:hrinks 
Report of the Philadelphia 1Ynter Depart- again and becomes 2,000 pounds. _it the 
ment (1876). Pp. 125. iron-works there arc still more tons, differ- 
List of W.riting"s on Method of Leß!'1t Sqnarf's. . 
Br )1. ]\[ernman, Ph. D. !<'rom "1'ralumctions ent from these, and on the rmlroads one 
o the C
nnecticut Academy." Pp. 82. will report the coal carried in tons of 2 240 
Amencnn Archæology. By Dr. A. J. Howe. I .' 
Pp. 8. pounds, and another connectmg road uses 


esting as showing how wide is the recogni- 
tion that is being accorded to the important 
labors of Mr. Darwin and his co-workers. 
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Sanitary Condition of Portland. By Dr. F. 
H. Gerrish. Portlund: S. Berry pI'int. Pp. 30. 
JIIinois State IIi8torÏcal Library. Springfield: 
D. 'V. Lusk print. Pp.7. 
N otCI5 on Leather. .By Lieutenant D. A. LJ Ie, 
U.::;.A. 
Medical Juri@prnc1encc. By Dr. S. E. Chai1lé. 
From" 'l'rallsactioDI:I of the }I1teruatioual Mct!- 
iea! Congresl:I." }J p .40. 
Catalogue of Mineral
 in the Naval Academy 
Cabinet, AnnapoHs. 'Vashiugton: UovcrIlruent 
Priuting-Oftice. Pp. 21. 
Budge and Todðle. By I
. G. :!lIorse. New 
York: Putnam's SOliS. l'p.303. 
Syllabus of Lectures in Anatomy and Pbys- 
iolo
y. By T. B. Stowell. Syrnculiie, N. Y.: 
DaVIs, Barùeen & Co. Pp. 82. 
A Layman's Experience iulIomæopathy. By 
'V. H. 1< umeS8. Pp. 8. 
Moncy and Legal Tender. By II. R. Linder- 
man. New York: Putnam's Sons. Pp. 1',3. 
$1.25. 
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the ton of 2,000 pounds. ....\..nd in order to 
maintain the beautiful symmetry of our sys- 
tem, they, of course, rarely, jf ever, state 
what kind of a ton is used in either case. 
Coal is mined and miners are paid by tons 
of various weights, from 3,000 pounds to 
2,000 pounds. It is sold by tons of 2,240 
and 2,000 pounds, and by tons ruuning aU 
the way down to 1,500 pounds. The use 
of the ton less than 2,000 pounds is called 
cheating, but the large purchasers, tho
e 
who buy from a car-load (six tons) up, may 
get 2,240 pounds to the ton; but, if they 
buy from the same company's retail yard, 
they find the ton weighs no more than 2,00U 
pounds, if it does. that. Coal is sold by 
bushels of 76 pounds and 80 pounds, by 
barrels, loads, hogsheads, and other' stand. 
ards,' the weights of which depend origi- 
nany on the fancy of the individual, and 
subsequently on · immemorial custom.' " 


A Plagne of Rats.-Shortly after the 
settlement of the Bermudas by the British, 
the colony was infested with rats, which, in 
the space of two years, had increased so 
alarmingly tha.t none of the islands were 
free from tht'm, and even fish were taken 
with rats in their bellies. A writer in the 
Academy recalls some of the horrors of 
this plague of rats. The rats, we are told, 
had nests in almost every tree, and bur- 
rowed in most places in the ground like 
rabbits. They devoured everything that 
came in their way-fruits, plants, and even 
trees. 'Vhere corn was sown they would 
come by troops in the night and scratch it 
out of the ground; "nay," writes a con- 
temporary chronicler, U they so devoured 
the fruits of the earth that the people were 
destitute of bread for a year or two." Every 
expedient was tried to destroy them. Dogs 
were traiued to hunt them, who would kill 
a score or more in an hour. Cats, both 
A Kansas Gas-\Tell.-About three years wild and tame, were employed in large 
ago a company prospecting for coal discov- numbers for the same purpose; poisons 
ered at \Yyandotte, Kansas, a fountain of and traps-every man having to set twelve 
combustible gas. This gas, as we learn traps-were brought into requisition; and 
from the JVcstern Ret'icw of Science and In- even woods were set on fire, to help to ex- 
dustry, is now used by the company for terminate them. Every letter written at 
steam-making, and by the owner of the farm this period by the plague-stricken colo- 
where it is located for cooking :md illumi-I nists contains some account of the dread- 
nating purposes. The gas, whether flowing ! ful scourge. "Our great enemies the rats 
or burning, is almost odorless, and its en- I threaten the subversion of the plantation,'
 
tire freedom from sulphur adapts it very writes one colonist in July, 1616. " Rats 
well for use in the reduction of gold and are a great judgment of God upon us," 
silver ores. Notwithstanding a coal.vein wrote another a )-ear later. ".At last it 
of considerable thickness was discovered, pleased God, but by what means is not well 
the company has concluded to abandon coal- known, to take them away, insomuch that · 
mining for the present, and utilize this new the wild cats and many dogs that lived on 
gas-fuel. Nor is the latter adapted for heat- them were famished." There was universal 
ing purposes alone; it is also very valuable joy at the sudden removal of such destruc- 
for light, inasmuch as it burns with a clear, tive vermin; and the aU but despairing 
bright flame, even without purification, and planters were enabled once more to resume 
is free from the disagreeable odor aceom- their neglected occupations with spirit and 
panying coal-gas. The city of 'YJandotte energy. 
will soon be lighted by this gas, wbich, as 
it comes from the wen, is of twelve-candle 
power. At small cost it can be purified so 
as to make it sixteen-candle power. The 
brine ejected from the well by the escaping 
gas is not strong enough for tbe manufact- 
ure of salt; it is recommended as a medi- 
cinal agent for the treatment of sundry dis- 
eases. Tþe company contemplate erecting 
an extensive establishment for mineral 
baths. .,. 


('omposition of Pnulpklns.-Analyses of 
pumpkins, made by Prof. F. H. Storer, of 
the Bussy Institution, show that the rind of 
that vegetable is nearly three and a half 
times as rich in albuminoids as the flesh. 
The weight of albuminoids in the flesh is 
only about one-fifth as much as that of the 
carbohydrates, a proportion that has some- 
times been found in turnips. Again, the 
inside or offal portion (including the seeds) 
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of tbe pumpkin contains a large proportion 
of nitrogen, and the seeds yield a high per- 
centage of oil. U The presence of such 
large amounts of oiJ, and of albuminous 
matters," adds Prof. Storer, in the Bulletin 
of tlte Bu-ssy Institution, U would naturally 
go to show that pumpkin-seeds must be a 
highly-nutritious kind of food; and it may 
well be true that they are valuable for some 
kinds of animals, when administered care- 
fully and in moderate quantity. But it bas 
often been urged that the seeds are apt to 
do harm to animals that have eaten them. 
. . . There is little question that this idea 
is to a certain extent founded in fact." 
The dangers of using the seeds rou:;t, how- 
ever, be both small and remote, since, as 
the author sbows, New England farmers 
u"sually feed out the seeds with the flesh; 
still they should not be fed to milch-cows. 
R2garding the use of these seeds as articles 
of human food, the author quotes Pumpelly 
as saying that the kernels are eaten by the 
Chinese. In Egypt, too, pumpkin-seeds are 
eaten in the same way that nuts are eaten 
in other countries. 
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tbe earthenware is curious enough, and is 
thoroughly representative of a development 
of the race coinciding with that of the an- 
cient savages of America and Europe. The 
professor has made an exhaustive study of 
the deposit, and there seems little doubt 
of its true character. As, bowever, he has 
consented to address the Asiatic Society on 
the subject at its approaching meeting, we 
will not enlarge more particularly upon it at 
present, only advising all to avail them- 
selves of the rare opportunity to hear one 
of the most fascinating of American lectur- 
ers on a theme of novel and great local in- 
terest.-Tokio Times. 


Interestin
 EtllDologital SperiDJeDs.-A t 
a meeting of the Natural History Section 
of the Long Island Historical Society, Mr. 
Elias Lewis, of Brooklyn, exhibited sev- 
eral remarkable specimens of smoked In- 
dian heads, brought by Mr. Ernest 
Iorris 
from the hitherto little known region near 
the source of the Tapajos River, ill Central 
South .America. Some account of these 
heads was given by Mr. Lewis, and published 
in the Brooklpn Eagle. Tbey are ten in 
Andent 
I
m in Japan.-Prof. E. S. number, and of great ethnological interest. 
Morse has made an important discovery in The natives seemed to well understand the 
the study of ancient man in this part of the art of preserving tbem, but were exceedingly 
world, lighting on evidence of the remains unwilling that 
Ir. Morris should get pos- 
of prehistoric inhabitants of Niphon who session of the peculiar wood or root by the 
apparently must have antedated even the smoke of which they are preserved. A piece, 
Ainos. The eyes of this distinguished sehol- however, was obtained and hidden by Mr. 
aI', possessing as they do the rare quality Morris in his luggage. The flesb and mus- 
of seeing, observed, while he was on his first cles of the smoked heads are shrunken 
trip to the capital from Yokohama, one of somewhat, and quite hard, but the features 
those significant sbell-heaps which have are not distorted, and have a singularly 1ife- 
been found in many countries and prove the I like appearance. All the lineaments of the 
higb antiquity of the human race. This par- face are clear and wen defined. Most of the 
ticular ljockkenmoeddin!J is situated near faces are tattooed. The hair is long, black, 
Omori, on the line of the railroad, and is and very thick on the scalps, and the red 
rich in evidence of a rude people that dwelt paint with which the natives adorn them- 
in Japan at a very early age. Prof. 'Morse selves still remains in the hair of several of 
has been engaged for many 'Jears in the the specimens. The heads nrc ornamented 
study of these mounds, as found in )Iaine, with feathers, strings, and other appendages. 
North Carolina, and Florida. This heap, In most cases the front teeth are wanting', 
which is about ten feet in thickness at its having been knocked out preyious to the 
greatest diameter, under a loam-deposit of smoking. Mr. Alorris obtained the heads 
six feet, and half a mile from the present from the chief or principal man of one of 
shore of the bay, exhibits all the peeuliari- the tribes in exchange for knives and other 
ties of its type, containing bone, both in articles, and brought them away with great 
fragment and rudely fh.shioned into imple. difficulty and some risk. In a letter from 
ments, and characteristic pottery. Some of )[1'. }Iorris it is stated that" the heads are 
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those of the Parrebeate Indians, better 
known as the Parrintintins, who inhabit the 
land of the upper Tapajos. They are mostly 
taken in war and kept as trophies, and are 
preserved by smoke from a root which they 
call carrocopoupow. " They are very much 
as they appear in life, except that a cord is New Order of ExHnrt Ilel)(ilia.-The 
put in the mouth to carry them by, and the museum of Yale College lately received the 
eyes are covered with a mass of wax. The greater portion of a buge reptilian ske]- 
practice was current among the Mundurucu eton, found on the eastern flank of the 
tribe long since, but now appears to be prac- Rocky Mountains, in beds that have beln 
tised only among the wild tribes which in- regarded by Prof. Marsh as corresponding 
habit the country near the sources of the nearly to the 'Vealden of Europe, and y,hich 
Tapajos and Hingu Rivers. The heads were may be classed as Upper Jurassic. Prof. 
taken about two years ago." One of the Marsh writes that the remains are well pre- 
heads is tl1at of a woman. Mr. Morris is served, but imbedded in so 11ard a matrix 
now on his way to the .Amazon for further that considerable time and labor will be re- 
exploration, and a part of the collection is qui red to prepare them for a full descrip- 
offered for sale in his interest; the rest will tion. The characters already determined 
be placed in the museum of the Long Island P oint to affinities with the Dinosaurs Ple- 
o , 
Historical Society. siosaurs, and more remotely with the Che- 
lonians, and indicate a new order which 
may be termed Slegosauria. The anirrw] 
was probably thirty feet long, and aquatic; 
the body was protected by la:.'ge bony der- 
mal plates, which appear to have been in 
part supported by the elongated neural 
spines of the vertebræ. One of these der- 
mal plates was over three feet in length. 


A New Japanese FruÏt-Tret'.-'Ve have 
received from Prof. R. H. 'Yildberger, of 
the Kentucky Military Institute, some of the 
fruit of the Guikgo biloba. This fruit was 
matured on a tree growing in the institute 
grounds, and is supposed to be the first 
ever produced in the United States. In 
a communication to the editor, Prof. 'Vild- 
bergeI' says that the tree is a native of 
Japan, and has been largely introduced into 
the United States and Europe, on account of 
its ornamental appearance. The one in the 
:Military Institute flowered and fruited in 
June; in September the fruit began to turn 
yellow, and, after one or two frosts in 
October, to fall. This tree, which is about 
thirty feet in height, stands about eighteen 
feet from another of the same species which 
bore no fruit. Being absent at the period 
of flowering, our correspondent was unable 
to determine whether the species is diæcious, 
Î. e., bearing pistillate flowers on one tree 
and staminate on another. Of the fruit he 
writes that it is a drupe or stone-fruit, about 
the size of a common wild-plum, much re- 
sembling it while green; but when mature 
it has a shriveled appearance, and is yellow 
in color. The sarcocarp, or fleshy part, is 
easily separ3 ble, disclosing tbe putamen, or 
stone, which is smooth and thin-walled, con- 
taining a kernel as large as a plum-stone, 
which has a pleasant taste. The sarcocarp 


has an acid, astringent taste, and a rather 
fetid odor. The kernel is said to be highly 
prized in Japan, and to be f::erved at all 
banquets, being supposed to promote diges- 
tion and prevent flatulence. 


Origin of the lUoral Sensr.-According to 
Darwin's theory the moral sense, conscience, 
is a development of the animal instinct of 
self-preservation. The scope of this in- 
stinct was at first confined within the indi- 
vidual; it was next extended to the group 
of animals in which it lived. In a low stage 
of human development, man would be bound 
by the ties of moral obligation at the most 
to those of his own tribe; but as he ad- 
vances in civilization, and sman tribes are 
united into larger communities, "the sÏIn- 
pIest reason," sa}'s Darwin, "would tell 
each individual that he ought to extend his 
social instincts and sympathies to all the 
members of the 
ame nation. This point 
once reached, there is only an artificial 
barrier to prevent his sympathies extending 
to the men of all nations and races." :Moral 
sense, in this theory, is an enlargement of 
an animal instinct, illumined by the light of 
reason. To many persons this way of ac- 
counting for the origin of morality is an 
abomination; it is supposed that thereby 
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something is taken from the preëminent 
dignity of man. The objection is well met 
by Mr. J. A. Allen, who writes as follows in 
the Oanadian l1IontlLly: U I should be sat- 
isfied to resign my free-will to do wrong for 
a nature so con::;tituted that I must always 
love and do the right. 'Vhat, by instinct? 
Yes, by instinct, or by anything else. I 
should like to be always in,stinctively inclined 
to good, as the bee to make honey. But 
if I am denied this-if our nature is not yet 
adjusted to the requirements of the golden 
age-it is something to possess an un- 
changeable instinct of right at the very 
core of our being, which can neither be 
plucked out nor enslaved by the will, nor 
silenced by terror or bribes or flattery. 
But instinct 1 How undignified to be forced 
to do right by compulsion 1 'Vhat? By the 
compulsion of our own nature, by the im- 
perious and imperial sense of our obliga- 
tions to our feHow-men? On the contrary, 
I think that we should be ennobled by the 
possession of such a moral force." Of the 
mode in which the principles of morality 
are propagated 
Ir. Allen writes: "The 
maxims of mora1ity, more or lesR true, come 
down to us by tradition, and root them- 
selves in our yóuthful minds; but the 
solidified moral sense is transmitted by 
heredity, and forms an integral part of our 
very selves. It is, so to speak, our experi- 
ences, not from but in our grandfathers; the 
result stereotyped in our constitutions of aU 
the ictuses of the various forces in this 
direction which had affected the whole line 
of our ancestry from the very first-trans- 
mitted feelings in transmitted structures." 


The \faste of Wire-Works.-'Ye are in- 
debted to the Pol!JteclLnic Review for an ac- 
count of a process in use at 'V orcester, :Uas- 
sachusetts, for utilizing the waste of a great 
wire-working establishment. Formerly the 
dilute sulphuric acid used for cleaning the 
wire was allowed to run into the sewer 
when it had become so charged with iron 
scale as to cease to "bite," and large qnan- 
tities of refuse wire were employed only to 
fin up hollows in grading, or thrown into 
a heap. All of thi
 waste material is, how- 
ever, now converted into articles of com- 
mercial value 
y simple and eomparath'ely 
inexpcnsive processes. The diluted acid, 
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charged with iron, is heated in lead-lined 
tanks by means of steam passing through 
coils of copper pipe, the waste wire being 
thrown in. In about five days the acid, un- 
der the influence of heat, has taken up a 
large proportion of iron and become liquid 
sulphate of iron, which is then evaporated 
until it deposits the crystals known in com- 
merce as copperas. Three tons of this solid 
sulphate are'made per day from about twelve 
tons of the waste acid. The remaining 
liquid is returned to the receiving-tank, to 
be mixed with more of the waste acid and 
refuse wire; and so the work goes on in a 
continuous round. Even the waste of this 
product from waste is utilized. The set- 
tlings of the boiling-tank-oxide of iron- 
together with the waste copperas, an alka- 
li, and an inexpensive substance to give 
"body," are roasted, ground, and trans- 
formed into a pigment equal to imported 
Venetian red. Of this the company makes 
about 500 barrels per month. 


Spon
y Iron Filters.-Dr. Gustav Bi- 
schof, inventor of tbe method of purifying 
water by filtration through spongy iron, re- 
cently detailed to the Lonùon Royal Society 
the results of sundry experiments on this 
and other filtering media. In the experi- 
ments fresh meat was placed on the perfo- 
rated bottom of a stone-ware vessel, which 
was then fil1ed to about two-thirds with the 
materials to be experimented upon, and 
lastly with water, care being taken to pre- 
vent the access of bacteria to the meat 
from any source save tbe filtered water. 
In Experiment I., spongy iron was used as 
the filter: after a fortnigbt's steady perco- 
lation of the water, the meat was fresh. 
Experiment II. was with animal charcoal: 
after a fortnight the meat gave signs of in- 
cipient putrefaction. Experiment III. was 
with spongy iron a
ain, the water heing al- 
lowed to flow for four weeks: the meat was 
perfectly fref;h. In Experiment IY., which 
reproduced Experiment II., with the excep- 
tion that the length of time was doubled, 
the meat was found to be soft and putrid. In 
the foregoing two experiments with I'pongy 
iron, the fine dust of that material had not 
been separated: in Experimcnt Y. this was 
done: after four weeks the meat, again, was 
f
esh. To prove that iron in solution was 
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not in these cases the preserving agent, in Ex- 
periment VI: a stone-ware vessel was charged 
underneath the spongy iron with pyrolusite 
and sand, so as to abstract the iron from 
the water before it came in contact with the 
meat: again the meat was fresh after four 
weeks' filtration. Experiment VII.: by a 
separate experiment it had been ascertained 
by Dr. Bischof that the oxygen is complete- 
ly abstracted from water during its passage 
through spongy iron. 
ro determine whether 
the absence of oxygen is the cause of the 
preservation of the meat, and whether the 
bacteria or their germs are killed or can be 
revived when supplied with oxygen, an evap- 
orating basin was inverted over the meat. 
Though this must have retained a quantity 
of air in its cavity, the meat still was found 
fresh after four weeks. In the final experi- 
ment, fresh meat was placed at the bottom 
of a glass vessel and left standing covered, 
with about four inches of spongy iron and 
water. After three weeks the meat was 
very bad, thus showing that the action of 
the bacteria of putrefaction adhering to the 
meat was not prevented by the spongy iron 
above; and if, during the previous experi- 
ments with spongy iron, agencies capable of 
causing putrefaction had at any time come 
in contact with the meat-in other words, 
if tbe bacteria bad not been killed in their 
passage through the spongy iron-the meat 
must have shown marks of their action. 
The author accounts as follows for the 
action of this material: "I believe that the 
action of spongy iron on organic matter Indivldnal Hygiene.-Among the sub- 
largely consists in a reduction of ferric by- jects discussed at a recent Educational Con- 
drate by organic impurities in water. . .. ference held in London was the importance 
Ferric hydrate is always found in the upper of a knowledge of the laws of health. Mr. 
part of a layer of spongy iron, when water Thomas Bond, assistant surgeon to "Test. 
is passed through that material. The fer- minster Hospital, asserted that, on an aver- 
rous hydrate resulting from the reduction, age, one-half of tbe number of out-patients 
by organic matter may be reoxidized by treated by a hospital-surgeon suffer from 
oxygen dissolved in the water, and thus diseases due primarily to a want of Imowl- 
the two reactions repeat themselves. This edge of the laws of health and cleanliness, 
would explain why the action of the spongy chiefly in regard to dress, ablution, and ven- 
iron continues so long." tilation. Varicose ulcers are most frequent- 
ly caused by the use of elastic garters: 
th{'se should neT'er be worn by children, as 
the stocking can be perfectly wen kept up 
by attachment of elastic straps to the waist- 
band. If elastic garters are worn at aU, 
they should be applied above the knee, and 
not below, wbere they obstruct all the super- 


'Iarine Fis11es in Lake Nicaragna.-The 
fish fauna of Lake Kicaragua bas long been 
kno.... n to include a few species elsewhere 
found only in salt-water, as a .J..l-fegalops, a 
shark, and a sawfish. How did these ma- 
rine forms first enter the lake? Dr. 
eo- 


dore Gill and Dr. J. F. Bransford, in a "sy- 
nopsis" of the fishes of this lake, communi- 
cated to tbe .Academy of :Katural Sciences 
of Philadelphia, remark that this combina- 
tion of species may have resulted-I. From 
the intrusion of tbe salt-water types into 
the fresh waters; or, 2. From the detention 
and survival of the salt-water fishes in inlets 
of the sea that have become isolated, and 
so, in course of time, fresh-water lakes. 
The latter hypothesis is declared the more 
probable one. By the uplift of the land an 
inlet of the Pacific might ha-ve be(in shut 
off from communication with the ocean, 
and the character of the water would be 
soon changed by the copious showers of 
that tropical country. The shark, sawfish, 
jJfegalops, and other species, mostly found 
in the sea, would have time to accommodate 
themselves to the altered conditions. At 
the same time, it must be remembered that 
most of the marine types in question are 
wont to ascend high up streams, and even 
into fresh water. 8tm, the numerous rapids 
of the river discharging from the lake dis- 
courage the idea that the species enumer- 
ated have voluntarily ascended the river 
and entered the lake. Of these fresh-water 
sharks of Lake Kicaragua, Squier says tbat 
"they are called tigrones from their ra- 
pacity," and that "instances are known 
of their having attacked and killed bathers 
within a stone's-throw of the beach at Gra- 
na da." 
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ficial veins. Tight lacing, too, predisposes 
to varicose veins, in consequence of the ab- 
dominal viscera being pushed downward into 
the pelvis, causing undue pressure on the 
,'eins of the lower extremities. The hygi- 
enic use of clothes, tbe author said, is not 
so much to keep cold out as to keep beat 
in. In robust persons it is not at all neces- 
sary to put on extra clothing when prepar- 
ing for out.door exercise: sufficient heat to 
prevent all risk of chill is generated in the 
body by exercise. But care should be taken 
to retain sufficient clothing after exercise, 
and, when at rest, to prevent the heat pass- 
ing out of the body. The wearing of false 
hair pl..events evaporation of the perspira- 
tion from the scalp, and so predisposes to 
baldness and other sc:\lp-diseases. 
Mr. Bond calls 't"rquhart, who intro- 
duced into England the Turkish bath, one 
(,f the benefactors of the age: this batb is, 
he says, stimulating and strengthening-a 
preventive as well as a curative in disease. 
N or is this all: it promotes purity of mind 
and morals. He then suggests certain ne- 
cessary precautions to be ob
erved in the 
use of the Turkish and other baths. Com- 
ing to the subject of ventilation, he remarks 
on the feeling of lassitude felt by many per- 
sons in getting up in the morning. This is 
very often due to defective ventilation of 
the bedroom, or to the use of an undue 
amount of bedclothes. It is an error to 
suppose that a room can be ventilated by 
simply opening a window a little at the top: 
there must be an outlet as well as an inlet 
for the air. The best outlet is an ordinary 
fireplace, especially if there is a fire burn- 
ing. )II'. Bond recommends for ventilation 
purposes the use of vertical pipes, commu- 
nicating at the level of the floor with the 
outer air, and rising vertically to the height 
of four or five feet. 


'Iarblelzt'd Iron 11fn
ils.-Sundry cook- 
ing-utensils of so-called " marbleized iron" 
have heen subjected to chemical tests by 
Itfl'. 'ViIIiam H. Dougherty, with the re
mlts 
given below, as stated in the "Proceedin
H " 
of the Academy of Natural Sciences of Phil- 
adelphia. The author, having heard re- 
ports that the enamel contained lead and 
arsenic, poured into a new dish of this ware 
a pint of good ordinary "white-wine" 
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vinegar. This was then slowly evaporated 
nearly to dryness; then distilled water was 
added, and the whole treated with hydro- 
Bulphuric acid. The resulting precipitate of 
sulvhide of lead was now dissolved in nitric 
acid and reprecipitated with sulphuric acid 
in presence of alcohol as sulphate of lead, 
and weighed over 2
 grains. This result was 
further confirmed by reducing the sulphate 
to metallic lead with the blowpipe. From 
this it appears that the vincgar had dis- 
solved out of the enamel enough lead to 
make about three grains of acetate of lead. 
Similar re!'ults were obtained from another 
experiment, in which citric acid took the 
place of the vinegar. A can of tomatoes in 
an acid condition was digested in anotht:>r 
dish of this ware and filtered, the filtrate 
being treated as in the foregoing experi- 
ments. In this instance slight but positive 
evidence was fOllnd of the presence of lead. 
The author could detect no arsenic. He 
states the composition of the enamel to be 
as foHows: oxide of lead, 12 per cent.; 
silica, 47; alumina, iron, lime, potash, and 
soda, 41 per cent. 


""'as ]Iao pr'-'glafiaI1-The Anthropo- 
logical Institute of London lately held a 
conference on "the present state of the 
question of the antiquity of man," in the 
course of which the evidences of man's an- 
tiquity in England were very fuHy consid- 
ered. The papers read at the conference 
by Prof. Boyd Dawkins, Prof. 
cKendrick 
Hughes, and :Mr. R. H. Tiddeman, as also 
the highly-interesting discussion which fol- 
lowed, are reported in Þ.Y"ai1l1.e. Our con- 
temporary devotes several pages to the pro- 
ceedings of the conference, Lut we have 
only space to indicate one or two of the 
more important lines of argument. First, 
as regards the validity of the arguments of 
Croll, Geikie, and others, that because in 
river-deposits and cayes the bones of ani- 
mals which now live only in hot climates 
are associated with the bones and other 
memorials of man, and as after the glacial 
period there is no evidence of such hot cli- 
mate in En
land, therefore all these remains 
are preglacial or interglacial. To this it 
W.1S objected that these anilllal
 of hot cli- 
mates had preyed on such boreal animals as 
the reindeer; that the hippopotamus and 
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rhinoceros in tbe Regent Park Zoölogical 
Garden do not suffer even in very cold 
weather; and tbat in the isle of Sagbalien, 
to the north of Japan, the reindeer is preyed 
upon by the tiger, which crosses the ice in 
pursuit of its victim. Hence it follows that 
Inammals are not good indicators of tem- 
perature. :Mr. Tiddeman rested his argu- 
ment for man's antiquity in Britain on the 
occurrence of a (supposed) buman fibula 
and two hacked bones of goats in deposits 
older than the post-glacial. But Prof. Busk 
objected that the "fibula" was probably 
ursine, and, at all events, that. it was alto- 
gether too insignificant a fragment on which 
to base any far-reaching conclusion. The 
goat-bones, hacked as if by the hand of 
man, were found ill Victoria Cave, at the 
depth of fifteen and twenty-five feet re- 
spectively. But it was urged tbat these 
bones reany belonged to a superficial stra- 
tum, and had fallen down to a lower level 
while the work of excavation was going on. 
But, even supposing them to belong to the 
levels from which they were taken, these 
bones are not decisive as to. the age of the 
deposit in which they were found-a matter 
which is still in dispute. .Arguments pro 
and cont7'a Wf>re advanced by sundry mem- 
bers of the Institute, and the various evi- 
dences of the antiquity of man were consid- 
ered in the light of geology, anatomy, the 
science of language, and paleontology. But 
no positive result was reached one way or 
the other; nevertheless, the conference was 
not without fruit, inasmuch as it has done 
much to remove misapprehensions, and to 
indicate the proper lines of research. 


Elfdridty in War.-Mr. H. Baden Prit- 
chard, in one of his communications to Na- 
ture on scientific principles involved in the 
art of war, gives a sketch of the employ- 
ment of electricity in military operations. 
He says that the employment of electricity 
for exploding charges of powder was sug- 
F-ested by Franklin and Priestley; only very 
recently, however, have we been in a posi- 
tion to make proper use of this valuable 
agent as a means of firing charges at a dis- 
tance. One of the first applications made 
of the subtile fluid was in the removal of 
the wreck of the Royal George at Spithead, 
nearly fifty years ago, when the explosion 


of the charges was brought about by what 
is termed a wire fuse, a short piece of plati- 
num thread stretched hetween two copper 
wires. The platLium bridge, having less 
conducting power than the copper wires, 
presents a considerable resistance to any 
current of electricity that passes, and so be- 
comes heated sufficiently to ignite gunpow- 
der. "But for many purposes," remarks 
Mr. Baden Pritchard, "the wire fuse is ill 
adapted to the military and naval services. 
A voltaic battery is necessary to evolve tIle 
low-tension electricity required to yield suf- 
ficient resistance and heat, and such a bat- 
tery made up of metal plates, and involving 
the use of acids, is a cumbersome apparatus. 
In 1853 Colonel Verdu, of the Spanish army, 
with the aid of a Ruhmkorff coil, succeeded 
in firing half a dozen charges simultaneous- 
ly. 'Vheatstone and A bel followed in Yer- 
du's footsteps, and while the former directed 
his attention to the construction of a port. 
able frictional apparatus, the latter busied 
himself in tbe preparation of a fuse inclos- 
ing a compound more easily explosible than 
gunpowder-a fuse which still holds an im- 
portant place among warlike stores." 


Alternation of Seasons and Tree-Growth. 
-The fact that the exogenous plants of the 
preglacial epoch show concentric growth- 
rings has been by many writers regarded 
as proof positive that in these times the 
earth's axis must have been inclined as at 
present, and that there must have been then, 
even as now, alternating seasons. But is 
alternation of seasons necessary to the for- 
mation of rings? 
This question is considered by Dr. C. B. 
'Yarring, in a paper read before the l' ew 
York Academy of Sciences, an extract from 
which has appeared in the American Jour- 
nalof Science and Arts. The problem might 
be solved experimentally, says Dr. 'Varring, 
if we could secure for plants a uniform 
temperature throup:hout the year. The 
nearest ap.proach to such a condition in this 
latitude is found in greenhouses. Exoge- 
nous plants so placed, e. g., the orange and 
lemon,fo}'m growth-rings as regularly as do 
forest-trees. The author hås found it dif:' 
ficult to obtain any information as to the 
formation of these annual markings in ex- 
ogenous plants growing in tropical regions. 



But the facts appear to show that, in the to the permeabiJity of the layer of gravel 
uniformly warm climate of the tropics, rings bCl'e forming the bed of the Hbine. 
are formed as regularly as in our own lati- 
tudes. True, in the trop
cs there are semi- 
anllual changes from wet to dry, and from 
dry to wet, dependent on the earth's axial 
inclination; but, as the author remarks, Ix the gas-works at Rahway, New Jer- 
even wben there is absolutc(l/ no variation, sey, a simple and ingenious method of up- 
ward filtration through coke and " breeze" 
the rings are formed. For instance, man- is in use for removing from the waste l'e- 
groves, growing on the muddy margins of siduum the injurious products which other- 
tropical rivers, having from year's end to wise ",'ould pollute the streams into which 
year's end uniform temperature and moist- the waste might flow. This method is funy 
f h described, with accompanying sketch, by 
ure, present clearly-defined rings 0 growt. Mr. J. R. Shotwell in a letter to Prof. Spen- 
Then the Cycads require several years to cer F. Bail'd, Fish Commissioner. :Mr. Shot- 
form one ring. The author's conclusion is, J well's communication is published in full in 
that "these circles have their origin in the Gas-Ligl
t Jou'j"ual. 
cycles of activity and repose, implanted in GEXERAL F. C. COTTOX remarked, at the 
the constitution of the plant, which would "Domestic Economy Congres8," upon the 
contil1ue to manifest themselves althouCTh mental inactivjty of the army and navy, 
. . .. I o. officers and men, in foreign parts. It was 
there were no clImatic varmtIons. t IS 1 II h . d 1 l ' ttl dd ' t ' 1 
. remar m) e, e sal , lOW I e a IlOna 
true," he adds, "that where seasonal varlR- knowledCTe was brouCTht home b y these 
f .. 0 b 
tions exist, the successive stages 0 actIvIty bodies from their vi::;its to foreign coun- 
and rest are for obvious reasons synchro. tries. The speaker pictured "mcn sitting 
nous with them, but they are not absolute- with thei
 ha.nds before them, or, what w
s 
] d d t th Th' t worse, drmkmg brandy-and-water, who, If 
y epen en on em...... e eXls e
ce, they had a slight knowledge of science 
therefore, of these markmgs In the anCIent given them at school, woulù have taken 
flora gives no information as to the exist- up some branch, and brought back valua- 
ence at that time of seasons and so far as ble knowledge, instead of dyspepsia and 
" d. 
" 
they are concerned, we are left free to adopt lscom ort. 
any conclusion as to the inclination of tbe DIED, on Lake Titicaca, Pcru, toward 
earth's axis which may appear to us most the end of September, James Orton, late 
reasonable." Professor of Natural History in Vassar Col- 
lege. The deceased was born in 1830, 
gmduated from 'Yilliams College in 1855, 
and a few years later became a Congrega- 
tional minister. He was an instructor in 
natural sciences in Rochester University in 
1866, and in 186
 went to Vassar College. 
He thrice visited South ..America for the 
purpose of studying its natuml history. 
Firgt, in 1887, he led an expedition from 
'Villiams College u('ross the continent by 
Quito, the N apo, and the Amazon. Aga.in, 
in 1873, he made a journey across Sonth 

\.meriea. fram Pam up the Amazon to Lima 
and I.Jake Titicaca. He once more returned 
to the same fields of exploration last year. 
He was the author of several works, the 
best known being "The .Andes and the 
.Amazon" (1870), and "Comparative Zo- 
ology" (1875). 
JIR. THOMAS BARRETT, mate of the Ameri- 
can whaling-hark 
\.. Houghton, has arrived 
in K ew York, bearing with him a sih'cr 
spoon with the armR of Sir John .Franklin, 
whieh he obtained from an ESfJuimau at 
'Vhale Point, Huùson's Day. From a party of 
Esq'.limallx, who camped durinp; the winter 
of 1876-'77 near the winter quarters ofthe.A. 


" 


Pre
ervation of 'food nnder Water.- 
The effects of long-continued submergence 
in water on oak-wood are remarkable, and 
several instances are cited in the" Annales 
des Ponts et Cbaussées," by 11. Charrié-Mar- 
saines, of oak being transformed so as very 
closely to resemble ebony. Thus, some 
pieces of oak taken in 1830 from an old 
bridge at Roucn, which had stood about 700 
years, were found to resemble ebony, the 
moùification being due to the presence of 
peroxide of iron. M. Charrié.Jlarsaines him- 
self having occasion, in constructing a dis- 
charge-sluice on the Rhine, to demolish an 
olù military dam constructed in 1681 bv Vau- 
ban, and based on a platform of oak,. found 
this wood to have a dark color quite like that 
of ebony, and ,"cry great hardness, as was 
found on trying to cut it for use in the new 
wOl'k
. The wood had then been 146 years 
in a soil constantly soaked hy water, owing 
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Houghton, :Mr. Barrett received a great deal 
of yaluable information concerninO" the fate 
of }'ranklin and his men. It is pr
posed to 
send an expedition next spring to Hudson's 
Bay, and thence by sleds to the place where 
the men of the Erebus and Terror are buried 
-about 500 miJes distant inland. The Es- 
quimaux state that the white men left behind 
a lot of books with \Hiting in them which 
were buried in the cah"ns. ' 
A CORRESPOXDENT of the .American },[an- 
ufacturer records as an "innovation in tech- 
nical education" a recent visit paid to the 
Phænixville Iron-"
 orks by the classes in 
civil and dynamic engineering of the Penn- 
sylvania University, under the charge of 
their professors. It is the intention of the 
professors to make frequent visits with their 
classe:;: to all establishments of interest with- 
in convenient distance of the universitv. 
Each student will be required to take notès 
and make an elaborate report of his obser- 
vations. 
DIED, September 17th, at his seat of 
Lacock Abbey, "ïltshire, England, 'Villiam 
II. Fox Talbot, one of the discoverers of the 
art of photography. He 'was born in 1800 
and received his education at Harrow Schooi I 
and the university of Cambridge. The 
course of experiments, which resulted in 
the production of a photographic image, 
were begun by him in 1833. His results 
were first publi:3hed in February, 1839. 
Daguerre's researches had, however, been 
published a short time before. Of late years 
Mr. Fox T
lbot took a deep interest in cunei- 
form inscriptions. 
ITA YING made exact measurements of 
172 crania of known sex, Morselli reaches 
the following conclusions: 1. The cranium 
in man is to the cranium in woman as 100 : 
85. 7. 
. The lower jaw in man, compared 
with the !'ame in woman, is in the propor- 
tion 100 : 7A.5. 3. This last difference is 
noticed also in anthropomorphous apes. 4. 
Individual variations are more extensive 
in women than in men. 5. Taking into 
consideration the relation between the 
weight and the capacity of the cranium, it 
may be inferred that woman has a less 
development of osseous tissue. 6. In the 
ratio of the weights of the cranium and the 
lower maxiUary, we have a new zoölogical 
difference between man and ape, the latter 
always presenting a heavier jaw relatively 
to the cranium than the former. 
AT Cassel, in Prus.sia, there is a Live- 

tock Insurance Company which insures 
live-stock a
ainst disease. The books of 
this company furnish conclusive evidence 
of the very great frequency of trichinosis 
in swine. In the district of Cassel the pro- 
portion of cases of tricbinosi:;; to the total 
number of swine insured was one in 300; iR 


East and ". est Prussia, one in 450' in Si. 
lesia and Posen, .one in 2
0. Sinc
 Jul,}', 
1876, the proportIon of aftected animals in 
the prO\'inces np l' the Russian frontier has 
been even more unfavorable, and many of 
the insured have. found 10 or eyen 15 per 
cent. of their pigs thus diseased. 
:ME
TION is made in Addison's Spectator 
of an odd character in Italy who had a 
chair-balance made for himself so that be 
might be able to keep his bodily' weight con- 
stantly the same. A like idea has recently 
occurred to a French investigator, who has 

on
tructed a "registering balance," show- 
mg III curves the gains or losses of any mat- 
ter placed in one or otber of its scales. In 
one experiment made by the in v('ntor, an 
adult man seated in the balance, was first 
quiet for twenty minutes, then read in a 
loud voice for twenty minutes, then was 
perfectly quiet for twenty minutes more. 
The curye of variations in tbe weight of the 
body during this hour shows a considerably 
greater loss in the second twenty minutes 
than in the first, a loss partly compen
ated 
by a diminution in emission of water and 
carbonic acid during the third twenty min- 
utes. 
Two processes fOt" preserving fisb from 
decay were detailed in a recent communica- 
,tion to the Paris Academy of 8cieuces by 
R. :M. d' AméJio. The first process was as 
follows: The fish, whether raw or cooked, 
is immersed in a strong solution of citric 
acid in water. After two or three hours, 
the fish is taken from the bath and dried 
in the open air, 01' by artificial heat, the 
latter course beilJg preferable. Fish so 
prepared will keep frel'h anywhere for 
years. To rest.ore its original flexibility 
it must be steeped in fresh water four or 
five days. The other method consists in 
the emploJment of a bath of silicate of. 
potash and glycerine, in equal quantities. 
The fish, the intestines having first been re- 
moyed, is steeped in this bath for a day or 
two, washed in fresh water, and dried slow- 
ly. By the use of this process the author 
has succeeded in preserving intact the color 
of the fishes alld the eyes. 
IT is proposed to erect at Stockholm a 
monument to Linnæus, consisting of a 
statue of the great naturalist, surrounded 
by allegorical figures of tbe four sciences to 
which be devoted himself, namely, botany, 
zoülogy, mineralogy, and medicine. 
THE" Marqui
 of Bute has on one of his 
e
tates near Cardiff, ,,- ales, a flourishing 
vineyard of some 6,000 vines. A French 
vineyard-proprietor, who has inspected these 
vines, expresse
 his conviction that this ex- 
periment of a vineyard in that climate was 
destined to be entirely successful. 
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EVOLUTION OF OERE:hIONIAL GOVERN
IEXT. 


By HERBERT SPENCER. 


I. INTRODUCTORY. 


I F, excluding all purely private actions, 'we include under the name 
" conduct" all actions which involve direct relations 'with other 
persons; and if under the name "government" we include all con- 
trol of such conduct, however arising; then we must sar that the 
earliest kind of government, the most general kind of government, 
and the government which is ever spontaneously recommencing, is 
the government of ceremonial observance. l\lore than this is true. 
Not simply does this lând of government' precede other kinds, and 
not only has it in all places and times approached nearer to univer- 
sality of influence, but it has ever had, and continues to have, the 
largest share in regulating men's lives. 
Proof that the modifications of conduct caUed "manners" and 
" behavior" arise long before those which political and religious re- 
straints cause, is yielded by the fact that, besides preceding social 
evolution, they precede human evolution: they are traceable among 
the higher animals. The dog afraid of being beaten, comes crawling 
up to his master, clearly manifesting the déRire to submit. Nor is 
it solely to human beings that dogs use such propitiatory actions: 
they do the like one to another. All have occasionally seen ho,v, on 
the approach of some formidable-looking Newfoundland or mastiff, a 
sroan spaniel, in the extremity of its terror, throws itself on its back 
'with legs in the air. Instead of threatening resistance by growls and 
showing of teeth, as it might have done' }J3d not resistance been 
hopeless, it spontaneously assumes tbe attitude that ,vould result froln 
defeat in battle, tacitly saying, " I am conquered, and at your mercy." 
Clearly, then, besides certain modes of behavior expressing affection, 
'VOL, XII.-2:S 
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which are established still earlier in creatures lower than man, there 
are established certain modes of behavior expressillg subjection. 
After recognizing this fact, we shall be prepared to recognize the 
fact that daily intercourse among the loweJ5t savages, whose small, 
loose groups, scarcely to be called social, are without political or 
religious 
egulation, is under a considerable amount of ceremonial 
regulation. No ruling agency, beyond that arising from personal 
superiority, characterizes the scattered hordes of .A,ustralians; but 
they have imperative ceremonies. Strangers meeting have to remain 
some time silent; a mile from an encampment approach must be her- 
alded by loud" coneys;" a green bough is used as an emblem of 
peace; and brotherly feeling is indicated by exchange of names. So 
the Tasmanians, similarly without government save that implied by 
predominance of a leader during war, had settled ways of indicating 
peace and defiance. The Esquimaux, too, though .without social 
ranks or anything like chieftainship, have understood usages for the 
treatment of guests. 
Kindred evidence may be joined with this. Ceremonial control is 
highly developed in many places where the other forms of control 
are but rudimentary. The wild Comanche" exacts the observance 
of his rules of etiquette from strangers," and "is greatly offended" 
by any breach of them. When Araucanians meet, the inquiries, 
felicitations, and condolences, which custom demands are so elaborate, 
that" the formality occupies ten or fifteen minutes." Of the ungov- 
erned Bedouins we read that "their manners are sometimes dashed 
witb a strange ceremoniousness;" and tbe salutations of Arabs are 
such that the" compliments in a well-bred man never la.st less than 
ten minutes." " We were particularly struck," says Livingstone, 
" with the punctiliousness of manners shown by the Balonda." "The 
l\Ialagasy have many different forms of salutation, of wllich they 
make liberal use. . . . Hence in their general intercourse there is, 
much that is stiff, formal, and precise." A Samoan orator, when 
speaking in parliament, "is not contented with a mere word of salu- 
tation, such as 'gentlemen,' but he must, with great minuteness, go 
over the names and titles, and a host of ancestral references, of 
which they are proud." 
That ceremonial restraint, preceding other forms of restraint, con- 
tinues ever to be the most widely-diffused form of restraint, we are 
shown by such facts as that in all intercourse between societies, civil- 
ized, semi-civilized, or barbarous, as well as in all intercourse between 
members of each society, the decisively governmental actions arc 
usually prefaced by this government of obseryances. The embassy 
lnay fail, negotiation may" be brought to a close by war, coercion of 
one society by another may set up wider political rule with its per- 
en1ptory commands; but there is habitual1y this more general and 
vague regulation of conduct preceding the more special and definite. 
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So within a community, acts of relatively stringent control coming 
from ruling agencies, civil and religious, begin with and are qualified 
by this ceremonial control, which not only initiates but in a sense 
envelops all other. Functionaries, ecclesiastical and political, coer- 
cive as their proceedings may be, conform them in large measure to 
the requirements of court
sy. The priest, however arrogant, fulfills 
the usages of civility; and the officer of the law performs his duty 
subject to certain propitiatory words and movements. 
Yet another indication of primordial ism may be named. This 
species of control establishes itself anew with every fresh relation 
among individuals. Even between intimates those greetings which 
are requisite to signify continuance of respect, precede each renewal 
of intercourse. Though their particular form may be settled by 
cllstom such g reetinO's are in substance direct results of the desire 
, 0 
not to offend. And ill presence of a stranger, say in a railway-car- 
riage, a certain self-restraint, joined ,vith some Buch act as the offer 
of a newspaper, shows the spontaneous rise of a propitiatory behavior 
such as even the rudest of mankind are not without. 
So that the modified forms of action produced in men by the 
presence of their fellows, and which are seen alike in the otberwise- 
uncontrolled members of the lowest social groups and in tbe other- 
,vise-controlled members of the highest social groups, constitute that 
comparatively vague control out of which other more definite controls 
are evolved-the prin1Ïtive undifferentiated kind of government from 
which the political and religious governn1ents arc diffûrentiated, and 
within which they ever continue immersed. 


This proposition looks strange mainly because, ,vhen studying 
less-ad vanced societies, ,ve carry with us our developed conceptions of 
la\v and religion. Swayed by them, we fail to perceive that what we 
think the essential parts of sacred and secular regulations were ori- 
ginally subordinate parts, ana that the essential parts consisted of 
ceremonial observances. 
It is clear, a priori, that this must be so if social phenomena are 
evol vea. .1'\ political organization or a settled cult cannot suddenly 
come into existence, but implies prëestablished subordination. Before 
there are la,vs, there must be submission to some potentate enacting 
and enforcing them. Before religious 0 bligationR are recognized, 
there must be acknowledged one or mor(\ 
npernatural powers. Evi- 
dently, then, the behavior expressing obedience to a ruler, visible or 
invisible, must precede in time the civil or religious restraints he im- 
poses. And this inferable precedence of ceremonial government is a 
precedence we everywhere find. 
IIow in the political sphere fulfillment of forms signifying subor- 
dination is the primary thing, early European history shows us. Dur- 
ing times when the question, who should be master, ,vas in course of 
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settlement, now in small areas and no\v in larger areas uniting them 
there was scarcely any of the regulation which deyeloped civil gOY: 
ernn1ent brings; but there was insi8tance on allegiance humùly ex- 
pressed. "Tbile each man was left to guard hiwself, and blood-fendG 
between Ütmilies 'were unchecked by the central power-wbile the 
right of private vengeance was so well recognized tbat the Sa1ic law 
made it penal to carry off enemies' heads from the stakes on which 
they were exhibited near the dwelIings of those who IJad killed thenl; 
there ,vas a rigorous demanding of oaths of fidelity to political supe- 
riors and periodic manifestations of loyalty. Simple 110mage, grow- 
ing presently into liege homage, was })aid by smaller rulers to great- 
er; and the vassal who, kneeling ungirt and sword]ess before 11Ïs 
suzerain, professed his subjection and then entered on possession of 
his lands, ""as little interfered with so long as he continued to display 
his vassalage in court and in camp. Refusal to go through the re- 
quired observances was tantamount to rebellion; as at tbe present 
time in China, where disregard of the forms of behavior prescribed 
toward each grade of officers" is considered to be nearly equivalent 
to a rejection of their authority." Among peoples in lower stages thi8 
connection of social traits is still better sho\vn. Referring to the 
extreme ceremoniousness of the Tahitians, EHis writes: "This pecu- 
liarity appears to have accompanied them to the temples, to })aye dis- 
tinguished the homage and the service they rendered to their gods, 
to haye marked their affairs of state, and the carriage of the people 
toward their rulers, to have pervaded the wbole of their social inter- 
course." l\leanwhile, he says, they 'Were destitute" of eyen oral laws 
and institutes:" so verifying the statement of Cook that there was no 
public administration of justice. Again, from l\lal'iner "Te learn that 
if anyone in Tonga were to neglect the prol)er salutation in presence 
of a superior noble, some calamity from the gods .would be expected 
as a punishment for the omission; and bis list of Tongan virtues conl- . 
rnences ,vith "paying respect to the gods, nobles, and aged persons.", 
When to this we add his statement that 111any actions reprobated l)y 
the Tongans are not thought intrinsicaHy wrong, but are wrong 
merely if done against gods or nobles, we get proof that, along with 
high development of ceremonial control, the sentiments, idea
, and 
usages, out of which civil government comes, 'were but feebly devel- 
oped. Similarly in the ancient American states. The laws of tlJe 
l\Iexican king, l\Iontezuma I., mostly related to the intercourse of, and 
the distinctions between, classes. In Peru, "the most common }Hln- 
ishment was death, for they said that a culprit 'Was not punished for 
the delinquencies he had committed, but for having broken the COlll- 
manc1ment of the Ynca." There had not been reached the stage in 
which the transgressions of n1
n1 against man are the wrongs to be 
redref'sed, and in .which there is consequently a proportioning of pen- 
alties to injuries; but the real crime was insubordination: implying 
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that insistance on marks of subordination constituted tbe essential 
part of government. A statement of Thunberg shows us that in 
Japan, so elaborately ceremonious in its life, exactly the same theory 
Led to exactly the same result. And bere ,ve are reminded that even 
in societies so advanced as our own there continue the traces of a 
kindred early condition. "Indictment for felony," says "Tharton, 
" is" (for a transgression) "against the peace of our lord tbe king, his 
crown and dicrnit y in O'eneral;" the injured individual being ignored. 
:-, b 
Evidently the implication is that obedience was the primary require- 
nlent, and behavior expressing it the first rllodification of conduct 
insisted on. 
H,eligions con trol, still better, perhaps, tban political control, 
ShO\V8 us this general truth. 'Vhen we find that rites performed at 
crraves becon1ÏnO' afterward reli g ious rites P erfornlcd at altars in tem- 
:-,' b 
, pIes, wcre at first acts done for the benefit of the ghost, either as 
o.riginally conceived or as ideally expanded into a deity-when we 
find that the sacrifices and libations, the inlmolations and blood-offer- 
ings ana mutilations, all begun to profit or to please the double of tbe 
dead man, were continued on larger scales where the double of the 
deacl man was especially feared-when we find tbat fasting as a fu- 
neral rite gave origin to religious fasting, that praises of the deceased 
and prayers to him grew into religious praises and prayers-'we are 
shown why primitive religion consisted almost wholly of propitiatory 
observances. Though in certain rude societies now existing, one of the 
propitiations is tbe repetition of injunctions given by the departed 
father or chief, joined in some cases with expressions of penitence for 
breach of them, and though we are sho,vn by this that from the first 
there exists the germ out of which grow the sanctified precepts event- 
ually constituting important adjuncts to religion; yet, since the sup- 
posed supernatural beings are at first regarded as retaining after death 
the desires and passions that distinguished them during life, this rudi- 
ment of a nloral code is originally but an insignificant part of the 
cult: due rendering of those offerinO's , and P raises and n1arks of sub- 
'-- b , 
ordination, by which the good-will of the ghost or god is to be ob- 
tained, fonning the chief part. Everywhere we meet 'with proofs. 
'Ve read of the Tahitians that "reliO'ious rites were connected with 
b 
almost every act of their lives;" and we read kindred statements re- 
specting the uncivilized and semi-civilized in general. The Sandwich- 
Islanders, along with scarcely any of tbat ethieal elemënt which the 
conception of religion includcs among ourselves, had a rigorous and 
elaborate ceremonial. Noting that tabu, means literally" sacred to 
the gods," I quote the followinO' account of its observance in Hawaii 
ö 
from Ellis: 


" During the 
eason of strict tabu, every fire or light in the island or district 
lnust be extinguished; no canoe must be launched on the water, no person must 
bathe; and except those whose attendance was required at the temple, no indi- 



39 0 THE POPULAR SCIENCE ltlONTHLY. 


vidual must be seen out-of-doors; no dog must bark, no pig must grunt, no cock 
must crow. . . . On these occasions they tied up the mouths of the dogs and 
pigs, and put the fowls under a calabash, or fastened a piece of cloth over their 
eyes. " 


... 


And how completely the idea of transgression was associated in the 
mind of the Sandwich-Islander with breach of ceremonial observance 
, 
i8 shown in the fact that" if anyone made a noise on a tabu-day. . . . 
he must die." Through stages considerably advanced, religion con- 
tinues to be thus constituted. When questioning tbe Nicaraguans 
concerning their creed, Oviedo, eliciting the fact that they confessed 
their sins to an appointed olù man, asks w bat sort of sins they con- 
fessed; and the first clause of tbe answer is, "",V e tell him .when 'we 
have broken our festivals and not kept them." Similarly of the Peru- 
vians, we read that" the most notable sin was neglect in the service 
of the huacas" (spirits, etc.); and a large part of life "Was spent in 
propitiating the apotheosized dead. How elaborate the obserrance
, 
ho,v frequent the festivals, how layish was the expenditure, by which, 
among the ancient Egyptians, tbe good-win of supernatural beings 
was sought, the records everywhere sho,v us; and tbat with them re- 
ligious duty consisted in thus ministering to the desires of ancestral 
ghosts, deified in various degrees, "'''"e are sho,vn by the prayer of Ra- 
lueses to his father Ammon, in which he claims his hell) in battle be- 
cause of the many bulls he has sacrificed to him. ",Vith the llebrews 
in pre-1\losaic times it was tbe same. As I{uenen remarks, the" great 
work and enduring merit" of 1\loses was that he gave dominance to 
the moral element in religion. In his reformed creed, "J ahveh is dis- 
tinguished from the rest of the gods in this, tbat he will be seryed, 
not merely by sacrifices and feasts, but also, nay, in the first place, by 
the observance of the moral commandments." That the piety of tbe 
Greeks included diligent performance of rites at tombs, and that the 
Greek god was especially angered by non-observance of propitiatory 
ceremonies, are familiar facts; and credit with a god was claimed by 
tbe Trojan as by the Egyptian, not on account of rectitude, but on 
account of oblations made; as is sbown by Chryses's prayer to Apollo. 
So, too, Christianity, originally a renewed development of the ethical 
element at the expense of the ceremonial element, losing as it spread 
tbose early traits which distinguished it from lower creeds, displayed, 
in mediæval Europe, a relatively large amount of ceremony and a rel- 
atively small an10unt of morality. Of the seventy-three chapters con- 
stituting the Rule of St. Benedict, nine concern tbe moral and general 
duties of the brothers, while thirteen concern tbe religious ordinances. 
And how the idea of criminality attached to disregard of ordinances 
is proved by the following passage from tIle Rule of St. Columbanus: 


" A year's penance for him who loses a consecrated wafer; six months for 
him who suffers it to be eaten by mites; twenty days for him who lets it turn 
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red; forty days for him who contemptuously flings it into water; twenty days 
for him who brings it up through weakness of stomach; but, if through inness, 
ten days. He who neglects bis Amen to the Benedicite, who speaks when eat- 
ing, who forgets to make the sign of the cross on his spoon, or on a lantern 
lighted by a younger brother, is to receive six or twe"Jve stripes." 
That from the times when men condoned crimes by building chapels 
and going on pilgrimages, down to present times, 'when barons no 
loneroI' invade one another's territories or torture Jews, there has 
o 
been a decrease of ceremony along 'with an increase of morality, is 
clear; though if we look at unadvanced parts of Europe, sucb as 
Naples or Sicily, we see that even now observance of rites is in them 
a much larger component of religion than obedience to moral rules. 
And when ,ye remember how modern is the rise of Protestantism, 
which, less elaborate and imperative in its forms, does not babitual1y 
compound for transgressions by performance of acts expressing sub- 
,ordination, and how very recent is the spread of dissenting Protes- 
tantism, in which this change is carried further; we are shown that the 
subordination of ceremony to morality characterizes religion only in 
its later stages. 
1\Iark, then, what fol1ows. If the two kinds of control which 
eventually grow into civil and religious governments, originally in- 
clude scarcely anything beyond observance of ceremonies, the prece- 
dence of ceremonial control over other controls is a corollary. 


. 


Divergent products of evolution betray their kinship by severally 
retaining certain traits ,vhich belonged to that from which they were 
evolved; and the implication is, that whatever traits they have in 
common, arose earlier in time than did the traits which distinguish 
them from one another. If fish, reptiles, birds, and m:ullmals, all 
possess vertebral columns, it follows, on the evolution hypothesis, 
that the vertebral column became a part of tbe organization at an 
earlier period than did the four-chambered heart, the teeth in sockets, 
and the mammæ, which distinguish one of these groups, or than did 
the toothless beak, the tri-Iocular heart, and the feathers, which dis- 
tinguish another of these groups, and 80 on. Applying this principle 
in the present case, it is inferable that if the controls classed as civil, 
religions, and social, have certain common characters, these charac- 
ters, older than are these now differentiated kinds of control, must 
have belonged to the primitive control out of which they developed. 
Ceremonial acts, then, have the highest antiquity; for these differen- 
tiated kinds of control all exhibit them. 
There is the making of presents: this is one of the acts sho'wing 
subordination to a ruler in early stages; it is a religious rite, per- 
formed originally at the grave and later on at tl)e altar; and from 
the beginning it has been a means of showing consideration in so- 
cial intercourse and securing good-will. There are the obeisances: 
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these, of their several kinds, serve to express reverende in its various 
degrees, to gods, to rulers, and to private persons; here the prostra- 
tion is habitually seen, now in the temple, now before the monarch, 
and now to a powerful man; here there is genuflection in presence 
of idols, rulers, and fellow-subjects; here the sahi'aln is more or Ie
s 
common to the three cases; here uncovering of the head is a sign 
alike of worship, of loyalty, and of respect; and here the bow serves 
the same three purposes. Similarly with titles: father is a name of 
honor applied to a god, to a king, and to an honored individual; so 
too is lord; and so are sundry other names. The same thing holds 
of humble speeches: professions of inferiorit)T and subjection on the 
part of the speaker are used to secure divine favor, the favor o.f a 
ruler, and the favor of a private person. Once more, it is thus with 
words of praise; telling a deity of his greatness constitutes a large 
element of ,vorship; despotic monarchs are addressed in terms of 
exaggerated eulogy; and where ceremony is dominant in social inter- 
course, extravagant compliments are addressed to private persons. 
In many of the less-advanced societies, and also in the more ad- 
vanced that have retained early types of organization, we find/various 
other examples of observances expressing subordination, tbat are 
common to the three kinds of control-civil, religious, and social. 
Among the l\Ialayo-Polynesians the offering of the first fish, and of 
first fruits, is used as a mark of respect alike to gods and to chiefs; 
and the Feejeeans make the same gifts to their gods as they do to their 
chiefs-food, turtles, whales' teeth. In Tonga, " if a great chief takes 
an oath, he swears by the god; if an inferior chief takes an oath, he 
swears by his superior relation, who, of course, is a greater chief." In 
Feejee, "all are careful not to tread on tbe threshold of a place set apart 
for the gods: persons of rank stride over; others pass over on their 
hands and knees. The same form is observed in crossing the thresh- 
old of a chiers house." In Siam, "at the full moon of the fifth 
month, the talapoins" (priests) "wash tbe idol with perfumed water. 
. . . The people also wash the sancrats and other talapoins; and then 
in the fan1Ílics children wash their parents." China affords good in- 
stances. " At his accession, the emperor kneels thrice and bows nine 
times before the altar of his father, and goes through the same cere- 
mony before the throne on which is seated the empress dow3ger. On 
his then ascending his throne, the great officers, marshaled according 
to their ranks, kneel and bow nine times. And the equally ceremoni- 
ous Japanese furnish kindred evidence. "From the emperor to the 
lowest subject in the realm there is a constant succession of prostra- 
tions. The former, in want of a human being superior to himself in 
rank, hows humbly to some pagan idol; and everyone of his sub- 
jects, from prince to peasant, has some person before whom he is 
bound to cringe and crouch in tbe dirt:" that is, religious, political, 
and social subordination are expressed by the same form of behavior. 
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These indications of a general truth, which will be abundantly ex- 
emplified whcn treating of each kind of ceremonial observance, I 
here give in brief, as further showing that the control of ceremony 
precedes in order of evolution the civil and religious controls, and has 
therefore to be first dealt with. 


I 
. 


On passing from the most general to the less general aspects of 
ceremonial government, we are met by the question, "How do there 
arise those modifications of behavior which constitute it ?" Common- 
ly it i
 assumed that they are consciously fixed upon as symbolizing 
reverence or respect. In pursuance of the usual method of speculat- 
ing about primitive practices, developed ideas are reaù back into unde- 
veloped minds. The supposition is of the same kind as that which 
ga ve origin to the social-contract theory: a kind of conception tl)at 
has becollle familiar to the civilized man is supposed to have been 
familiar to man in his earliest state. But, just as little basis as there 
is for the belief that primitive men deliberately made social contracts, 
is there for the belief that primitive men deliberately adopted symbols. 
The current error is best seen on turning to the most developed kind 
of symbolization-that of language. The savage does not sit down 
and knowingly coin a word; but the words which he finds in use, and 
the new ones which come into use during his life, grow up unawares 
by onomatopæa, or by vocal suggestions of qualities, or by metaphor 
which some observable likeness suggests. Among civilized peoples, 
however, who have learned that words are symbolic, new words are 
frequently chosen to symbolize new ideas. So, too, is it ,vith written 
language. The early Egyptian never thought of choosing a sign to 
represent a sound, but his records began, as those of North American 
Indians begin no,v, with rude pictures of the transactions to be kept 
in memory; and, as the process of recording extended, the pictures, 
abbreviated and generalized, lost more and more their likenesses to 
objects a.nd acts, until, under stress of the need for expressing proper 
nanIes, some of them were used phoneticalJy, and signs of sounds 
came ulla"rares into existence. But, in our days, there has been 
reached a stage at which, as short-hand shows us, special signs are 
consciously chosen to sYlnbolize special sounds. The lesson taught is 
obvious. Just as it would be an error to conclude that, because we 
knowingly choose sounds to symbolize ideas, and marks to symbolize 
sounds, the like was originally done by savages and by barbarians; 
so is it an error to conclude that, because among the civilized, certain 
ceremonies (say those of freemasons) are arbitrarily fixed upon, so 
ceremonies were arbitrarily fixed upon by the unciviJized. Already, in 
indicating the primitiveness of ceremonial control, I bave named some 
modes of behavior expressing subordination whic11 have a natural 
genesis; and here the implication to which I would draw attention 
is that, until we havo found a natural genesis for a ceremony, ".e may 
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ùe sure that we have not discovered its origin. The truth of this im- 
plication will seem less improbable on observing sundry ways in which 
spontaneous manifestations of enlotion initiate formal observances. 
The ewe bleating after her lamb that has strayeJ, and smelling 
now at at one and no,v at another of the lambs near her, but at 
length, by its odor, identifying as her own one that comes running 
up, doubtless, thereupon, experiences a wave of gratified maternal 
feeling; and, by repetition, there is established between this odor and 
this pleasure such an association that the first habitually produces 
the last; the snlell becomes, on all occasions, agreeable by serving to 
bring into consciousness more or less of the philoprogenitive emotion. 
That, by some races of nlankind, indiyiduals are similarly identified, 
the Bible yields proof. Though Isaac, with senses dulled by age, fails 
thus to distinguish his sons from one another, yet the fact that, una- 
ble to see Jacob, and puzzled by the conflicting evidence his voice and 
his hands furnished, "he smelled the smell of his raiment, and blessed 
'him," shows tbat different persons, even members of the same fan1Ïly, 
were perceived by the Hebrews to haye their Rpecific odors. And 
that perception of the odor possessed by one who is loved, yields 
pleasure, proof is given by another Asiatic race. Of a l\longol father, 
Timkowski writes: "lIe smelt from time to time the 11ead of his 
youngest son, a mark of paternal tenderness usual anlong the l\lon- 
gols, instead of embracing." Describing the Philippine-Islanders, J a- 
gOI' says: "The sense of smell is developed among the Indians to so 
great a degree that they are able, by smelling at the pocket-llandker- 
chiefs, to tell to which persons they belong (' Reisesk,' page 39); and 
lovers at parting exchange pieces of the linen they may he wearing, 
and during their separation inhale the odor of tbe beloved being, be- 
sides snlothering the relics with kisses." So, too, is it with the Chit- 
tagong IIill people. Lewin tells us that" their manner of kissing is 
peculiar. Instead of pressing lip to lip, they place the mouth and 
nose npon the cheek and inhale the breath strongly. Tbeir form of 
speech is not, , Give me a kiss! ' but' Smell me ! ,,, And now note a 
sequence. Inhalation of the odor given off by a loved person coming 
to be a mark of affection for him or for her, it happens that since men 
wish to be liked, and are pleased by display of liking, the performance 
of this act which signifies liking initiates a conlplimentary obsery- 
ance, and gives rise to certain modes of sho,ving respect. The Sa- 
moans salute by "juxtaposition of noses, accompanied, not by a rub, 
but a hearty smell. They shake and smell the hands also, eE:pe- 
cially of a superior." And tbere are like salutes anlong the Esqui- 
maux and the New-Zealanders. 
The alliance bet,veen smell and taste being so close, we may natu- 
rally expect a class of acts which arise from tasting, parallel to the 
class of acts which smelling originates; and the expectation is ful- 
filled. That the billing of doves or pigeons and tbe like action of 
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love-birds indicate an affection which is gratified by the gustatory 
sensation, cannot ,veIl be questioned. No act of this kind on the 
part of an inferior creature, as of a cow licking her calf, can have any 
other origin than the direct prompting of a desire which gains by the 
act satisfaction; and in such a case the satisfaction is obviously that 
which vivid perception of offspring gives to the maternal yearning. 
In some animals like acts arise from other forms of affection. Lick- 
ing the hand, or, where it is accessible, the face, is a common display 
of attachment on a dog's part; and when we remember how keen 
InHst be the olfactory sense by which a dog traces hi!:) master, we can- 
not doubt that to his gustatory sense, too, there is yielded some im- 
pression-an impression associated with those pleasures of affection 
,vhich his master's presence gives. The inference that kissing as a 
Inark of affection in the human race has a kindred origin, is sufficient- 
ly probable. Though kissing is not universal-though the negro 
races do not appear to understand it, and though, as we have seen, 
there are cases in which sniffing replaces it-yet, being common to 
unlike and widely-dispersed races, we may conclude that it originated 
in the sanle manner as the analogous action among lower creatures. 
IIere, however, we are chiefly concerned to observe the indirect result. 
From kissing as a natural sign of affection, there is derived the kiss- 
ing which, as a means of simulating affection, gratifies those who are 
kissed, and, by gratifying them, propitiates theln. IIence an obvious 
ro.ot for the kissing of feet, hands, garments, as a part of ceremonial. 
Feeling, sensational or emotional, causes muscular contractions, 
which are strong in proportion as it is intense; and, among other 
feelings, those of love and liking bave an effect of this kind, which 
takes on its appropriate form. The most significant of the actions 
hence originating is not much displayed by inferior creatures, because 
their limbs are unfitted for prehension; but in the human race its 
natural genesis is sufficiently manifest. J\Ientioning a mother's em- 
brace of her child will remind all that the strength of the embrace 
(unless restrained to prevent mischief) measures the strength of the 
feeling; and while ren1Ïnded that the feeling thus naturally vents 
itself in muscular actions, they may further see that these actions are 
directed in such a way as to give satisfaction to the feeling by yield- 
ing a vivid consciousness of possession. That among adults the allied 
feelings originate like acts, scarcely needs adding. It is not so much 
these facts, however, as the derived facts, which "ye have to take note 
of. IIere is another root for a ceremony: an embrace, too, serving to 
express liking, serves to propitiate in cases where it is not negatiyed 
hy those other obser"\Tanccs which subjection entails. We find it 
where governmental subordination is hut little developed. Of sonle 
Snake Indians they met, we read in Lewis and Clrrrke, that "the 
three nlen immediately leaped from their horses, C:lnlC up to Crrptain 
Lewi
, and embraced him with great cordiality." l\Iarcy tells of 
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a Comanche that, " seizing me in his bra,vny arms while we were yet 
in the saddle, and laying his greasy head upon my shoulder, he in- 
flicted upon me a most bruin-like squeeze, which I endured with a 
degree of patient fortitude ,vorthy of the occasion." So, too, Snow 
says the Fuegian "friendly IHode of salutation was anything but 
agreeable. The men came and hugged me, very much like the grip 
of a bear." 
Discharging itself in muscular actions which, in cases like the 
foregoing, are directed to an end, feeling in other cases discharges 
itself in undirected muscular actions. The resulting changes are 
habitually rhythmical. Each considerable movement of a limb brings 
it to a position at which a counter-movement is easy; both because 
the muscles producing the counter-movelnent are then in the best 
positions for contraction, and because they ba ve had a brief rest. 
Hence the naturalness of striking the hands together or against other 
parts. 'Ve see this as a spontaneous manifestation of pleasure among 
children; and we find it giving origin to a ceremony among the un- 
civilized. Clapping of the hands is " the highest mark of respect" in 
Loango; and it occurs ",-jth kindred meaning among the Coast N e- 
groes, the East African
, the Dabomans. Joined with other acts ex- 
pressing welcome, the people of Batoka "slap the outsides of their 
thiglls;" the Balonda people, besides clapping their hands, sometimes 
" in saluting drum their ribs with their elbows;" 'while among the 
Coast Negroes and in Dahomey, snapping the fingers is one of the 
salutes. Rhythmical muscular motions of tIle arms and hands, thus 
expressing pleasure, real or pretended, in presence of another person, 
are not the only motions of this cla
s: the legs come into play. 
Children often" jump for joy," and occasionally adults may be seen 
to do the like. Saltatory movements are therefore apt to grow into 
compliments. In Loango "many of the nobility salute the king by 
leaping with great strides backward and forward two or three times 
and swinging their arms." The Fuegians also, as the United States 
explorers tell us, 8how friendship" by jumping up and down." 1 
Feeling, discharging itself, co
tracts the muscles of the vocal or- 
gans, as well as other muscles; so that, along with bodily motions 
signifying pleasure, there go sounds, loud in proportion as the pleas- 
ure is great. Hence shouts, indicating joy in general, indicate the 
joy produced by meeting one who is beloved, and serve to give the 
appearance of joy before one ,,,hose good-will is sought. Among the 
1 In his" Early History of Mankind" (second edition, pp. 51, 52), Mr. TJlor thus com- 
ments on such observances: "The lowest class of salutations, which merely aim at giv- 
ing pleasant bodily sensations, merge into the civilities which we Eee exchanged among 
the lower animals. Such are patting, stroking, kissing, pressing noses, blowing, sniffing, 
and so forth. . . . K at ural expressions of joy, such as clapping hands in Africa, and 
jumping up and down in Tierra del Fuego, are made to do duty aR signs of friendship or 
greeting." Mr. Tvlor does not, however, indicate the physio-psychological sources of 
these actions. 
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Feejeeans, respect is "indicated by the tama, which is a shout of rever- 
ence uttered by inferiors when approaching a chief or chief town." 
In Australia, as we have seen, it is necessary on coming 'within a mile 
of an encampment to make loud cooeys-an action which, while pri- 
marily indicating pleasure at the coming reunion, further indicates 
those friendly intentions which a secret approach would render more 
than doubtful. 
One more example may be named: Tears result from strong feel- 
ing-mostly from painful feeling, but also from pleasurable feeling 
when extreme. Hence, as a sign of joy, weeping occasionally passes 
into a complimentary observance. The beginning of such an observ- 
ance is sho,vn us by Hebrew traditions in the reception of Tobias by 
Racruel when he finds him to be his cousin's son: "Then Rag:uel 
b , ....... 
leaped up and kissed hiIn and wept." And among some races there 
grows from this root a social rite. In New Zealand a meeting" led 
to a warm tangi 1?et,veen the two parties; but, after sitting opposite 
to each other for a quarter of an hour or more, crying bitterly, with 
a most piteou
 moaning and lamentation, the tangi was transformed 
into a hungi, and the two old ladies commenced pressing noses, giv- 
ing occasional satisfactory grunts." And then ,ve find it becon1Íng a 
public ceremony on the arrival of a great chief: "The ,vomen stood 
upon a hil1, and loud and long was the tangi to welcome his approach. 
Occasionally, ho\vever, they 'vould leave off, to have a chat or a 
laugh, and then mechanical1y resume their weeping." Other :ßIalayo- 
Polynesians do the like. 
To these illustrations of the way in ,vbich natural manifestations 
of emotion originate ceremonies, may be added a few illustrations of 
the way in which ceremonies, hot originating directly from spontane- 
ous actions, nevertheless otiginate by natural sequence-not by in- 
tentional symbolization. Brief indications must suffice. 
Livingstone tells us that blood-relations are formed in Central 
South Africa by imbibing a little of each other's blood. A like ,vay 
of establishing brotherhood is used in l\Iadagascar, in Borneo, and in 
many places throughout the ,yorld, and it \vas used among our remote 
ancestors. This is assumed to be a symbo1ic observance. On study- 
ing early ideas, however, and finding, as we have done, that the primi- 
tive man regarc1R the nature of anything as inhering in all its parts, 
and therefore thinks he gets the courage of a brave enemy by eating 
his heart, or is inspired with the virtues of a deceased relative by 
grinding his bones and drinking them in ,,"ater, we see that, by ab- 
sorbing each other's blood, men are supposed to establish actual com- 
munity of nature, and :ire also supposed to gai.n power over each 
other by possessing parts of each other. 
Similarly with the ceremony of exchanging nameE'. "To bestow 
his name upon a friend is the highest compliment that one man can 
offer another," among the Shoshones. The Australians exchange 


. 
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names witb Europeans, as a proof of brotherly feeling. This, which 
is a widely-diffused practice, arises from the belief that the name is a 
part of the individual. Possessing a mail's name is equixalent to pos- 
sessing something that forms a portion of his heing, and enables the 
possessor to work mischief to him; anJ hence, among numerous 
peoples, a reason for studiously concealing names. To exchange 
names, therefore, is to establish some participation in one another'
 
being, and at the sallLe time to trust each with !)ower over the other, 
inlplying great mutual coufidence. 
It is a usage among the people of Vate, "'when they wish to make 
peace, to kill one or more of their own people, and send the body t
 
those ,vith whom they have been fighting to eat;" and, in Samoa, 
"it is the custom, on the submission of one party to another, to bow 
clown before their conquerors, each with a piece of fire-wood and a 
bundle f leaves, such as are used in dressing a pig for the oven" 
(bamboo-knives being somet.imes added), "as much as to say, , I{ill 
us and cook us, if you please.'" These facts I name because they 
clearly show a point of departure from 'v hich there might arise an 
apparently artificial ceremony. Let the traditions of cannibalism 
among the Samoans disappear, and this surviving custom of present- 
ing fire-wood, leaves, and knives, as a sign of su bn1ission, would, in 
pursuance of the ordinary metbod of interpretation, be taken for an 
observance deliberately devised. 
That peace should be signified among the DakotaH by burying 
the tomahawk, and among the Brazilians by a prese-nt of bows and 
arrows, may be cited as instances of ,vhat is in a sense symboliza- 
tion, but what is in origin a modification of the action symbolized; 
for cessation of fighting is necessitated by putting away "
eapons, or 
by giving weapons to an antagonist. If, as among the civilized, a 
conquered antagonist deliyers up his Rword, the act of so making 
11Ïmself defenseless is an act of personal submission; but eventually 
it comes to be, on the part of a general, a sign that his army surren- 
ders. Similarly, when, as in parts of Africa, "some of the free blacks 
become slaves voluntarily by going through the sin1ple but significant 
ceremony of breaking a spear in the presence of their future master," 
we may properly say that the relation thus artificially established is 
as near an approach as may be to the relation established when an 
enemy, whose weapon is broken, is made a slave by 11Îs captor: the 
svmbolic transaction simulates the actual transaction. 
01 
An ínstrn
tive example comes next. I refer to the bearing of 
green boughs as a sign of peace, as an act of propitiation, and as a 
religious ceremony. As indicating peace the custom occurs among 
the Araucanians, Australians, Tasnlanians, Ne,v Guinea people, New 
Caledonians, Sandwich-Islanders, Tahitians, Samoans, N ew-Zealand- 
ers; and branches were used by the Hebrews also for propitiatory 
approach (2 .l\faccabees xiv. 4). In SOlne cases we find it employed to 
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signify not peace only but 
ublnission. Speaking of tbe Peruvians, 
Cieza says, "The lnen and boys came out with green boughs ana 
palm-leaves to seek for lllercy;" and among the Greeks, too, a snppli- 
ant carried an olive-branch. Wall-paintings left by the ancient Egyp- 
tians show us palm-branches carried in funeral processions to propi- 
tiate the dead; and, at the present time, " a wreath of palm-branches 
stuck in the grave " is common in a l\Ioslem cemetery in Egypt. .A. 
statement of Wallis respecting the 'l'ahitians shows it passing into a 
religious observance: a pendant left flying on the beach the natives 
regarded with fear, bringing green boughs and hogs, 'which they laid 
down at the foot of the staff. And that a portion of a tree was an- 
ciently an appliance of worship in the East is shown by the direction 
in Leviticus xxiii. 40, to take the" boughs of goodly trees, branches of 
palol-trees," etc., and" rejoice before the Lord:" a verification being 
furnished by the description of the chosen in heaven, who stand before 
the throne with" palms in their hands" (Revelation vii. 9). The ex- 
planation, when we get the clew, is simple. 
lany travelers' narratives 
illustrate the fact that laying down weapons on approaching strangers 
is taken to imply pacific intentions: the obvious reason being that 
opposite intentions are thus negatived. Of the I{affirs, for instance, 
Barrow says, " , A messenger of peace' is kno,vn by this people from 
his laying do\:rn his hassagai or spear on the ground, at the distance 
of two hundred paces from those to whom he is sent, and by advanc- 
ing thence with extended arms:" the extension of the arms evident- 
ly having the purpose of showing that he has no weapon secreted. 
But how is the absence of weapons to be shown when so far off that 
,veapons, if carried, are invisible? Si1nply by carrying other things 
,vhich are visible; and boughs covered with leaves are the most con- 
venient and generally available things for this purpose. A verifica- 
tion is at hand. The Tasmanians had a way of deceiving those Wll0 
inferred from the green boughs they were bringing in their hands that 
they were weaponless. They practised the art of holding their spears 
between their toes as they ,valked: "The black . . . . approaching 
him in pretended amity, trailed between his toes the fatal spear." 
Arbitrary, then, as this usage seems when observed in its later forms 
only, it proves to be by no means arbitrary when traced back to its 
origin. Taken as evidence that the advancing stranger is without 
arms, the green hough is primarily a sign that he is not an enemy. 
It is thereafter joined with other marks of friendship. It survives 
when the propitiation passes into submission. And so it becolnes in- 
corporated with various other actions which express reverence and 
worship. 
One more instance I must add, because it conspicuously shows us 
how there grow up the interpretations of ceremonies as artificially- 
devised actions, when their natural origins are unknown. Describing 
Arab Jnarriages, llaker says: "Tl1ere is much feasting, and the unfor- 
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tunate bridegroom undergoes tbe ordeal of whipping by the relations 
of his bride, in order to test his courage. . . . If the happy husband 
wishes to be considered a man 'worth having, he must receive the 
,.. 
chastisement with an expression of enjoyment, in which case the 
crowds of w'omen in admiration again raise their thrilling cry." 
Here, instead of the primitive abduction violently resisted by the 
,voman and her relatives-instead of the actual capture required to 
be achieyed, as among the I{amtchadales, spite of the ùlo'ws and 
wounds iI
ßicted by " all the women in the village "-instead of those 
modifications of the" form of capture" in which, along with mock 
pursuit, there goes receipt by the abductor of more or less violen.ce 
from the pursuers; 'we have a modification in which the pursuit has 
disappeared, and the violence is passively received. And then tbere 
arises tl)e belief tbat tbis castigation of the bridegroom is a deliber- 
ately chosen way" to test his courage." 
These facts are not given as adequately proving that, in all cases, 
ceremonies are modifications of actions 'which had at first direct adap- 
tations to desired ends, and that their apparently symbolic characters 
result from their survival under changed circumstances. IIere I haye 
aimed only to indicate, in the briefest 'way, the reasons for rejecting 
the current hypothesis that ceremonif's originate in conscious symbol- 
ization, and for justifying the belief that we may in every case ex- 
pect to find them originating by evolution. This expectation we 
shall hereafter find abundantly fulfilled. 


A chief reason why little attention has been paid to phenomena of 
this class, all-pervading and conspicuous as they are, is that while to 
most social functions there correspond structures too large to be oyer- 
looked, functions "Tbich make up ceremonial control have correlative 
structures so small as to seem of no significance. That ceremonial 
government has its special organization, just as the political and 
ecclesiastical governments have, is a fact habitually pnssed over, be- ' 
canse, wl)ile the last t,vo organizations have developed, the first has 
dwindled-in those societies, at If1ast, which have reached tIle stage 
at 'which social phenomena become subjects of speculation. Original- 
ly, however, the officials who direct the rites expressing political sub- 
ordination have an inlportance second only to that of the officials 'who 
direct religious rites; and the two officialisms are homologous. To 
whichever class belonging, these functionaries conduct prcpitiatory 
acts: the visible ruler being the propitiated person in the one case, 
and the ruler no longer visible being the propitiated person in the 
other case. Both are performers and regulators of ,vorship-worship 
of the living king and worship of the dead king. In our advanced 
stage the differentiation of the divine from the human has l)ecome so 
gre
t that this proposition looks scarcely credible. But on going 
back throuO'h staO'es in ,vhich the attributes of tbe conceived deity 
ð 
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are less and less unlike those of the visible man, and eventually reach- 
ing the early stage in which the other-self of tbe dead man, considered 
indiscriminately as ghost and god, is not to be distinguished, wben he 
appears, from the living man; we cannot fail to see the alliance ill 
Nature between the functions of those who n1inister to the ruler who 
has gone away and those who minister to tbe ruler who has taken his 
place. What remaining strangeness there may seem in this assertion 
of homology disappears, on remembering that in sundry ancient so- 
cieties living kings were literally worshiped as dead kings ,vere, and 
that the adoration of the living king by priests was but a more 
extreme form of the adoration habituaHy paid by all who served 
him. 
Social organizations that are but little differentiated clearly show 
us several aspects of this kinship. In common with those below him, 
the savage chief proclaims his own great deeds and the achievements 
of his ancestors; and that in some cases this habit of self-praise long 
persists, Egyptian and Assyrian inscriptions prove. Advance from 
the stage at which the head-man lauds himself to the stage at which 
laudation of him is done by deputy is well typified in the contrast 
between the recent usage in Madagascar, where the king in public 
.assembly was in the habit of relating "his origin, his descent from 
the line of former sovereigns, and his incontestable right to the 
kingdom," and the usage that existed in past tinles al110ng ourselves, 
when the like distinctions and powers and clairns of the king were 
publicly asserted for him by an appointed officer. As the ruler, ex- 
tending his dominions and growing in power, gatl1ers round him an 
increasing nUlnber of agents, the utterance of propitiatory praises, at 
first by all of these, becomes eventually distinctive of certain among 
them: there arise official glorifiers. " In Samoa, a chief in traveling 
is attended by his principal orator." In Feejee each tribe has its " ora- 
tor, to make orations on occasions of ceremony." Dupuis tells us that 
the attendants of the chiefs of Ashantee eagerly vociferate the" strong 
names" of their masters; and a more recent writer describes cer- 
tain of the king's attendants, whose duty it is to "give him names" 
-cry out his titles and high qualities. In kindred fashion a Y oruba 
king, ,vhen he goes abroad, is accompanied by his wives, .who sing 
his praise. Now, when we meet with facts of this kind-when ,ve 
read that in J.\;fadagascar "the sovereign has a large band of femal
 
singers, who attend in the court-yard, and wbo accompany their mon- 
arch wheneyer he takes an excursión, either for a short airing or dis- 
tant journey;" when we are told that in China " his imperial nlaj- 
esty was preceded by persons loudly proclaiming his virtues and his 
power;" when we learn that among the ancient Chibchas the llofJotá 
was received ,vitb "songs in which they sung bis deeds and victo- 
ries "-we cannot deny that these assertors of greatness 
nd sing<,rs 
of praises do for the living king exactly that which priests and priest- 
VOL. XII.-26 
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esses do for the dead king, and for the god who evolves from the 
dead king. 
In societies that have their ceremonial governments largely devel- 
,. 
oped, the homology is further shown. As such societies ordinarily 
have many gods of various po\vers, severally served by their official 
glorifiers, so they have various grades of living potentates, severally 
served by men who assert their greatness and demand respect. In 
Samoa, "a herald runs a few paces before, calling out, as he meetlS 
anyone, the naine of the chief who is coming." 'Vith a 
ladagascar 
chief in his palanquin, " one or two men with assagais, or spears, in 
their hands, ran along in front shouting out the name of the chièf." 
In advance of an eInba::;sador in Japan there" first \valked four men 
,vith brooms, such as always precede the retinue of a great lord, in 
order to admonish the people with cries of 'Stay, stay!' which 
means, , Sit, or bow you down; ,,, and in China a magistrate making 
a progress is preceded by men bearing" red boards having the rank 
of the officer painted on them, running and shouting to the street. 
passengers: 'I
etire, retire! keep silence, and clear tbe way!' Gong- 
strikers follo\v, denoting at certain intervals by so many strokes their 
master's grade and office." 
Another varallelism exists between the official who proclaims the 
king's will and the official who proclaims the will of tbe deity-be- 
tween the interpreter who conveys statements to the king and brings 
back his reply, and the priest who conveys the petitions or questions 
of worshipers, and explains the oracular response. In many places 
where regal power is extreme, the monarch is either invisible or can- 
not be directly communicated with: the living ruler thus simulating 
the dead and divine ruler, and requiring kindred intermediators. It 
was thus in ancient l\Iexico. Of 
Iontezuma II. it is said that "no 
commoner was to look him in the face, and if one did, he died for it; " 
and further, that he did not communicate with anyone" except by · 
an interpreter." In Nicaragua the caziques "carried their exclusion 
so far as to receive messages from other chiefs only through officers 
delegated for that purpose." So of Peru, where some of the rulers 
" had the custom not to be seen by their subjects but on rare occa- 
ßions," we read that at the first interview with the Spaniards, " Ata- 
huallpa gave no answer, nor did he even raise his eyes to look at the 
captain (Hernando de Soto). But a chief replied to what the captain 
had said." 'Vith the Chibehas "the first of the court officers was 
the crier, as they sa.id that he was the medium by which the win of 
\ 
the prince was explained." Throughout Africa at the present time 
like customs have generated like appliances. Speke tells us that, "in 
conversation with the King of Uganda, the words must always be 
transmitted through one or more of his officers." Among the inland 
negroes "it is quite beneath the dignity of an attdh to reply from 
the throne except through his 'mouth,' or prime-minister." In Da- 
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homey, " the sovereign's words aTe spoken to the me1/., who informs 
the interpreter, who passes it on to the visitor, and the answer must 
trickle back through the same channels." And, concerning Abyssin- 
ia, where even the chiefs sit in their houses in darkness, so " that vulgar 
eyes may not gaze too plainly upon" them, we are told the king was 
"not seen when sitting ill council," but "sat in a darkened room," 
and" observed through a window what was going on in the chamber 
without;" and also that he had" an interpreter, who was the medium 
of communication between the king and his people on state occasions; 
his name meant the voice or word of the king." I may add that this 
parallelism between the secular and sacred agents of communication 
is in some cases recognized by peoples whose institutions display it. 
Thomson tens us tbat the New Zealand priests were regarded as the 
em bassadors of the gods. 
There is a further evidence of this homology. Where, along with 
social developulent considerably advanced, ancestor-worship has re- 
mained dominant, and where gods and nleD are, consequently, but lit- 
tle differentiated, the two organizations are but little difft>rentiated. 
China furnishes a good instance. Huc tells us tbat " the Chinese ern- 
perors are in the habit of deifying. . . . civil or military officers, whose 
life has been characterized by some Inemorable act, and tbe worship 
rendered to these constitutes the official religion of the mandarins." 
Further, we read in Gutzlaff that the emperor" confers various titles 
on officers who have left the world, and shown themselves worthy of 
the high trust reposed in them, creating them governors, presidents, 
overseers, etc., in IIades, and thus establishing his government even 
among the manes." Aud then we learn from Williams tbat the Li 
pu, or Board of Rites, examines and directs concerning the perform- 
ances of the five kinds of ritual observances-those of a propitious 
and those of a felicitous nature, military and hospitable rites, and 
those of an infelicitous nature. Arnong its departnlents is that of 
cerelnonial forms-the etiquette to be observed at court, the regula- 
tions of dresses, of carriages and riding-accoutrements, of followers 
and insignia, personal and 'written intercourse between the various 
ranks of peers. Another department superintends the rites to be ob- 
Gerved in worshiping deities and spirits of departed monarchs, sages 
and worthies, etc.-statements t5howing that the same board regulates 
both religious ceremonial and civil ceren10nia1. To which summarized 
account I may add this quotation: "In court, the master of ceremo- 
nies stands in a conspicuous place, and with a loud voice commands 
the courtiers to rise and kneel, stand or march "-that is, he directs 
the worshipers of the monarch as a chief priest directs the worship- 
ers of the god. Equally marked were, until lately, the kindred rela- 
tions in Japan. 'Vith the sacredness of the mikado, and with his 
divine inaccessibility, travelprs have familiarized us ; but the implied 
confusion between the divine and the bunlan went to a much greater 



404 THE POPULAR SCIENCE MONTHLY. 


extent-an extent which would be scarcely credible, did not indepen- 
dent witnesses testify to it. Dickson t;ays : 
"The Japanese generaUy are imbued with the idea that thdr land is a rea] 
, shin koku, a kami no kooni '-that is, the land of spiritual beings or kingdom 
of spirits. They are led to think that the emperor rules over all, and that, 
among other subordinate powers, he rules over the spirits of the country. lIe 
rules over men, and is to them the fountain of honor; and this is not confined 
to honors in this world, but is extended to the other, where they are advanced 
from rank to rank by the orders of the emperor." 


Similarly we are told by :IHitford that- 
"In the days of Shogun's power the mikado remained the Fountain of Honor, 
and, as chief of the national religion and the direct descendant of the gods, dis- 
pensed divine honors. So recently as last year [1870] a decree of the Mikado 
appeared in tbe Government Gazette, conferring posthumous divine }lOnors upon 
an ancestor of the Prince of Cosbiu." 


And then we read that under the Japanese cabinet, one of the eight 
adnlÏnistrative boards, the Ti bu shio, "deals with the forms of so- 
ciety, manners, etiquette, worship, ceremonies for the living and the 
dead," etc.: the propitiation of living persons anil the propitiation of 
dead persons and deities have a snpreme regulative centre in common. 
'Vestern peoples, among whom during the Christian era differen- 
tiation of the divine from the human bas become very decided, show 
us in a less marked manner the homology between the ceremonial 
organization and the ecclesiastical organization. 
till it is, or rather, 
was once, clearly traceable. In feudal days, beyond the lord-high 
chamberlains, grand-masters of ceremonies, ushers, and so forth, be- 
longing to royal courts, and the kindred officers found in the house- 
bolds of subordinate rulers and nobles-officers who conducted pro- 
pitiatory observances-tl1ere were the heralds. These formed a dass 
of ceremonial functionaries, in various ways resembling a priesthood. · 
Just noting as significant the remark of Scott that, " so intimate 'was 
the union betwixt chivalry and religion esteemed to be, that the sev- 
eral gradations of the former were seriously considered aR parallel to 
those of the Church," I go on to point out that tbese officers, per- 
taining to the institutions of chivalry, formed a bodr which, 'where it 
was highly organized, as in France, bad five ranks: chevaucheur, 
poursuivant d'armes, heraut d'armes, roi d'armes, and roi d'armes de 
France. Into these ranks its members were successively initiated by 
a species of baptism-wine being substituted for water. They held 
periodic chapters in the church of Saint-Antoine. When bearing man- 
dates and messages they were similarly dressed with their masters, 
royal or noble, and were similarly honored by those to whom they 
were sent, having thus a deputed dignity akin to tIle deputed sacred- 
ness of priests. By the chief king-at-armR and five others, local visi- 
tations were made for inquiry and discipline, as ecclesiastical visita- 
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tions were made; and in various other ways the functions of the 
organization were allied to priestly functions. Heralds verified the 
titles of those who aspired to the distinctions of chivalry, as priests 
decided on the fitness of applicants for the sanctions of the Church; 
and on the occasions of their visitations they were to "correct thingR 
ill and dishonest," and to advise princes-duties allied to those of 
priests. Besides announcing the wills of earthly rulers, as priests of 
all religions announce the wills of 11eavenly rulers, they were glori- 
fiers of the first, as priests were of the last-part of their duty to those 
they served being" to publish their praises in foreign lands." At 
the burials of kings and princes, where observances for honoring the 
living and observances for honoring the dead came in contact, the 
kin
hip of a herald's function to the function of a priest was again 
shown; for, besides putting in the tomb the insignia of rank of the 
deceased potentate, and in that manner sacrificing to bim, the herald 
had to write, or to get written, a eulogy-bad to initiate that worship 
of the dead ont of which grow higher forms of worship. Similar, if 
less elaborate, was the system in England. IIeralds wore crowns, had 
royal dresses, and used the plural" we." Anciently, there were two 
heraldic provinces, with their respective chief heralds, like two dio- 
ceses. Further development produced a garter king-at-arms, with 
provincial kings-at-arms presiding over minor heraldic officers; and, 
in 14:83, all were incorporated into tbe College of IIeralds. As in 
France, visitations were made for the purpose of verifying existing 
titles and honors, and authorizing others; and funeral rites were so 
far under heraldic control that, among the nobility, no one could be 
buried without the assent of the herald. 
Why these structures which discharged ceremonial functions once 
conspicuous and important dwindled, while civil and ecclesiastical 
structures developed, it is easy to see. Propitiation of the living bas 
been, from the ontset, necessarily more localized than propitiation of 
the dead. The existing ruler can be worshiped only in his presence, 
or, at any rate, within his dwelling or in its neighborhood. Though 
in Peru adoration was paid to images of tbe living Yncas; and tbough 
in l\-Iadagascar Iring Radama, when absent, had bis praises sung in 
the words, "God is gone to the west, Radama is a mighty bull;" 
yet, generally, the obeisances and laudations expressing subordination 
to the great man while alive, are not made when they cannot be wit- 
nessed by him or his itnmediate dependents. But when the great 
man dies and tbere begin tbe awe and fear of his ghost, conceived as 
able to reappear anywhere, propitiations are no longer so narrowly 
localized; and in proportion as, with formation of larger societies, 
there comes development of deities greater in supposed power and 
range, dread of them and reverence for them are felt simultaneously 
over wide areas. Hence the official propitiators, multiplying and 
spreading, severally carryon their worships in many places at the 
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same time-there arise large bodies of ecclesiastical officials. Not for 
tbese reasons alone, however, does the ceremonial organization fail tu 
grow as the other organizations do: their developnlent causes its de- 
cay. Though, during early stages of social integration, local rulers 
have their local courts with appropriate officers of ceremony, the pro- 
cess of consolidation and increasing subordination to a central govern- 
Inent, results in decreasing dignity of the local rulers, and disappear- 
ance of the official upholders of their dignities. Among ourselves in 
past times, " dukes, marquises, and earls, were allowed a herald and 
pursuivant; viscounts, and barons, and others not ennobled, even 
knights bannerets, might retain one of the latter;" but, as the reg'al 
power grew, "the practice gradually ceased; there 'were none so late 
as Elizabeth's reign." Yet further, the structure carrying on cere- 
Inonial control slowly falls away, because its functions are gradually 
encroached upon. Political and ecclesiastical regulations, though at 
first insisting mainly on conduct expressing obedience to rulers, divine 
and hun1an, develoJ1 more and more in the directions of equitable re- 
straints on conduct between individuals, and ethical precepts for the 
guidance of such conduct; and in doing this they trench more and 
more on the sphere of the ceremonial organization. In France, be- 
sides having the semi-priestly functions we have noted, the heralds 
were" judges of the crimes conlmitted by the nobility;" and they 
were empowered to degrade a transgressing noble, confiscate his 
goods, raze his d wellings, lay waste his lands, and strip hin} of his 
arms. In England, too, certain civil duties were discharged by these 
officers of ceremony. Till 1688, the provincial kings-at-arms had 
" visited their divisions, receiving commissions for that purpose from 
the sovereign, by which means the funeral certificates, the descents, 
and all:ances of the nobility and gentry, had been properly registered 
in this college" (of heralds). "These became records in all the courts 
at law." Evidently the assumption of functions of these kinds by 
ecclesiastical and political agents has joined in reducing the cere- 
monial structures to those rudiments which now remain, in the almost- 
forgotten Heralds' College, and in the court officials who regulate in- 
tercourse with the sovereign. 
Before passing to a detailed account of ceremonial government 
under its various aspects, it will be well to sum up the results of this 
preliminary survey. They are these: 
That control of conduct which ,\re distinguish as ceremony pre- 
cedes the civil and ecclesiastical controls. It begins with sub-human 
types of creatures; it occurs among otherwise ungoverned savage
; 
it often becom{>s highly developed where the other kinds of rule are 
little developed; it is ever heing spoutaneously generated afresh be- 
tween individuals in all societies; and it envelops tbe more definitf' 
restraints which state and church exercise. The primitiveness of 
ceremonial government is further shown by the fact that, at first, 
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political and religious governments do little more than maintain sys- 
tems of ceremony, directed toward particular persons living and 
dead: the codes of la"r enforced by the one, and the moral codes 
enunciated by the other, come later. There is, again, the evidence 
derived from the possession of certain elements in common by tbe 
three controls, social, political, and religious; for the forms ohserv- 
able in social intercourse occur also in the political and r<;ligious inter- 
course as forms of homage and forms of worship. l\Iore significant 
still is the circumstance that ceremonies may mostly be traced back 
to certain spontaneous acts which manifestly precede legislation, civil 
and ecclesiastical. Instead of arising by dictation or by agreement, 
which would imply the preëstablished organization required for mak- 
ing and enforcing rules, they arise by modifications of acts performed 
for personal ends; and so prove themselves to grow out of individual 
conduct before social arl'ange
nel1ts exist to control it. Lastly, we 
note that when there arises a political head, who, demanding subordi- 
nation, is at first his own master of the ceremonies, and who presently 
collects round him subservient attendants performing propitiatory acts, 
which by repetition are made definite and fixed, there arise ceren10nial 
officials. Though, along with the growth of organizations which en- 
force civil laws and enunciate moral precepts, there has been such a 
decay of the ceremonial organization as to render it among ourselves 
inconspicuous; yet in early stages the body of officials who conduct 
propitiation of living rulers, supreme and subordinate, homologous 
,vith the body of officials who conduct propitiation of dead apotheo- 
sized rulers, InajOl" and minor, is a considerable element of the social 
structure; and it dwindles only as fast as the structures, political 
and ecclesiastical, ,vbich exercise controls more definite and detailed, 
usurp its functions. 
Ca.rrying with us these general conceptions, let us now pass to 
the several components of ceremonial rule. We wiIl deal with them 
under the heads-Trophies, 
lutilations, Presents, Obeisances, Fornls 
of Address, Titles, Badges and Costumes, Further Class Distinctions, 
Fashion, Past and Future of Ceremony. 
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GEYSERS AND IIOW TIlEY ARE EXPLAINED.I 


By PROF. JOSEPH LE CONTE. 
A GEYSER may be defined as a periodically eruptilJe .
pring. 
They are found only in Iceland, in the Yellowstone Park, Unit- 
ed States, and in New Zealand. The so-called geysers of California 
ar.e rath
r fumarole
. Those of Iceland have been long studied; we 
will, therefore, describe these first. 
1 From Le Conte's " Elements of Geology. n 
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Iceland is an elevated plateau about two thousand feet high, with 
a narrow marginal habitable region sloping gently to the sea. The 
elevated plateau is the seat of every species of volcanic action, viz., 
lava-eruptions, solfataras, mud-volcanoes, hot springs, "and geysers. 
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These last exist in great numbers; more than one hundred are found 
in a circle of two miles dian1eter. One of these, the Great Geyser, 
has long attracted attention. 
The Great Geyser is a basin or pool fifty-six feet in diameter, on 
the top of a mound thirty feet high. From the bottom of the basin 
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descends a funnel-shaped pipe eigbteen feet in diameter at top, and 
seventy-eight feet deep. Both the basin and the tube are lined witb 
silica, evidently deposited ii"om the water. The natural inference is, 
that the mound is built up by deposit from the water, in somewhat 
the same manner as' a volcanic cone is built up by its own ejections. 
In the intervals between the eruptions the basin is filled to the brim 
with perfectly transparent water, having a ten1pel'ature of about 170 0 
to 180 0 . 
1. Immediately preceding the eruption sounds like cannonading are 
heard beneath, and bubbles rise and break on the surface of the water. 
2. A bulging of the surface is then seen, and the water overflows the 
basin. 3. Immediately thereafter tbe whole of the water in the tube 
and basin is shot upward one hundred feet high, forming a fountain 
of dazzling splendor. 4. The eruption of water is immediately fol- 
lowed by the escape of steam with a roaring noise. These last two 
pbenolnena are repeated several times, so tbat the fountain continues 
to play for several minutes, until the water is sufficiently cooled, and 
then all is again quiet until another eruption. The eruptions occur 
tolerably regularly every ninety minutes, and last six or seven min- 
utes. Throwing large gtones into the tube has the effect of bringing 
on the eruption more quickly. 
In magnificence of geyser displays, howeve.., Iceland is far sur- 
passed by the Yellowstone geysers in the basin of Firehole River. 
This 'wonderful geyser region is situated in the northwest corner of 
W yorning, on an elevated volcanic plateau near the head-waters of the 
Madison River, a tributary 
of the 
iissouri, and of the 
Snake River, a tributary 
of the Columbia. The ba- 
sin is only about three 
miles wide. About it are 
abundant evidences of pro- 
digious volcanic activity 
in former times, and, al- 
though primary volcanic 
activity has ceased, sec- _ 
ondary volcanic phenom- 
ena are developed on a - 
stupendous 8cale and of 
eve r y kind, viz.: hot 
springs, car bon ate d 
springs, fumaroles, mud-volcanoes, and geysers. In tl}is vicinity 
there are more than 10,000 vents of all kinds. In some places, as on 
Gardiner's l
iver, the bot springs are mostly lime-depositing; in others, 
as on Firebole River, they are geysers depositing silica. 
In the upper geyser basin the valley is covered ,vith a snowy de- 


FIG. 2.-CHlMNEY-LiKE VENTS (after Hayden). 
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FIG.3.-THE TURBAN (after Hay(kn). 


...:> 
l--- ...--=-
 


-._ 7
 
 
 '

-=
_ 
- ==c...
 W::! Ii , 
= ==- -=õ 
-.." ,'It; "' -_ =-0. 
- 
f: ,:',1, ,
' 'I'\
\,I!' \ç: 
 
::it 
; C"I I!,;'
; II t "\:1' 
 

 
- õ'
,j, \h ì ïl _-- 
f _

 
-

. ':I i I -=-_ 
-=-

_= /II '
;
\; 
 
 


 
--'
 
 .,I/i';I,, \ "IS

 =:=:.3 

_ 

 'L "ll ',I, ""
r<='
 
# '
;;: 
 -
1


 
 
:\ 
 
:

:
<- 
_- 

 --, 


 
;1r
: I 
'1:'
'
 \\" 1,\\' 
"'
 
-== :=
-=--- -- 
, "I
I 
 tt) \ 1 b I f.l'
 

 
.:-=- ;::

=-':

 '..":"; 1 ' i:1 ,,
1. 
V
I\ ;\\ '\1 -
 

 
 

 ;;;"

 M. 1 I 'I' lil\I I ! \\ \;
\ 
 " I . , I 
== -, a -=- = - 
 "/ f " ij \
,: 1f1\' 3' 

 :- :2"" 

. '
; i \ '

\4t.(\ 
if, I:

I
I I )Il

:" '1<
"
\ It 

jf


 
 10\'

ï:. ,\\ '



i::
 
I.)
 
)I \ \ .\r

 'I Ë! X 
'
' 
I\
\ (' li\\:E.,\I\,' ,. 
--', I 
" If=
-Î' " t\ 

\t


:ì
i;: 
. ' Ii :
1 1 '\__ 
 , r l \ \ 
i


i . i: . :, m 
 
:


 I .
 !<! '"tf 
 _J:
 
, . \.'.
'. I



 -:.. 4 

i':::l' , '-1' 
þ;,
. 
'-'''0 -
 '
-v -},;.
 
J



':.;?b ,.:
 > '_OiL. 
 
*-'- 


.
 
. f 
 '-. z_ 
-

 \,-, " 
, _ 

 


--- 
if} 
- 
=

= 
.::=:: 


f 


1. 





:
 
 


---
 


-- 


FIG.4.-GIANT GEYSER (after Hayden). 
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posit from the hot geyser-waters. The surface of the mound-like, 
chimney-like, and hive-like elevations, immediately surrounding the 
vents, is, in some cases, ornamented in tbe most exquisite manner by 
deposits of the same, in the. form of scalloped embroidery set with 
pearly tubercles; in others, the siliceous deposits take the most fan- 
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FIG. 5.-BEEHIVE GEYSER (from a Drawing by Holmes). 


tastic forms (Figs. 1, 2, 3). In some places the silica is deposited in 
large quantities, three or four inches deep, in a gelatinous condition 
like starch-paste. Trunks and branches of trees immersed in these 
,vaters are speedily petrified. 
We can only lnention a few of the grandest of these geysers: 
1. The" Grand Geyser," according to Hayden, throws up a col- 
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umn of water six feet in diameter to the height of 200 feet, ,,
hile the 
stearn ascends 1,000 feet or more. The eruption is repeated every 
thirty-two hours, and lasts t,venty minutes. In a state of quiescence 
the temperature of the ,vater at the surface is about 150
. 
2. The" Giantess" thro,vs up a large column twenty feet in di- 
ameter to a height of sixty feet, and through this great mass it shoots 
up five or six lesser jets to a height of 250 feet. It erupts about once 
in every eleven hours, and plays twenty minutes. 
3. The "Giant" (Fig. 4) throws a column five fe
t in diameter 
140 feet high, and plays continuously for three hours. 
4. The "Beehive" (Fig. 5), so called from the shape of i1!s 
mound, shoots up a splendid column two or three feet in diameter to 
the height by measurement of 219 feet, and plays fifteen minutes. 
5. "Old Faithful," so caUed from the frequency and regularity of 
its eruptions, throws up a column six feet in diameter to the height 
of 100 to 150 feet regularly every hour, and plays each time fifteen 
minutes. 
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FIG. B.-FoRMS OF GEYSER-CRATERS (after Bayden). 


The water of geysers is not volcanic water, but simple spring- 
water. A geyser is not, therefore, a volcano ejecting ,yater, but a 
true spring. There has been nluch speculation concerning the cause 
of their truly wonderful eruptions. 
According to J\Iackenzie, the eruptions of the Great Geyser may 
be accounted for by supposing its pipe connected by a narrow conduit 
with the lower part of a subterran
an cave, whose walls are heated 
by the near vicinity of volcanic fires. Fig. 
 represent.R a section 
through the basin, tube, and supposed cave. N ow, if meteoric water 
should run into the cave thl"Ough fissures more rapidly than it can 
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evaporate, it ,vould accumulate until it rose above, and therefore 
closed, tbe opening at a. The steam, now having no outlet, would 
condense in the chamber b until its pressure raised the ,vater into the 
pipe, and caused it to overflow the basin. The pressure still continu- 
iner all the water would be driven out of the cave, and partly up the 
0' 
pipe. Now, the pressure ,vhich sustained the whole column a d would 
not only sustain, but eject with violence, the column c d. The steam 
would escape, the ejected ,vater would cool, and a period of q niescence 
would folJow. If there were but one geyser in Iceland, this would be 
rightly considered a very ingenious and probable hypothesis, for with- 
out doubt we may conceive of a cave and conduit so constructed as to 
account for the phenomena. But there are many eruptive springs in 
Iceland, and it is incon- 
ceivable that all of them 
should have caves and 
conduits so peculiarly 
constructed. This the- 
ory is therefore entirely 
untenable. 
The investigations 
of Bunsen and his theory 
of the eruption and the 
formation of geysers are 
among the most beauti- 
ful illustrations of sci- 
entific induction which we have in geology. We therefore give it, 
perhaps, more fully than its strict geological Î1nport.ance warrants. 
Bunsen examined all the phenomena of hot springs in Iceland. 
1. lIe ascertained that geyser-water is meteoric water, containing the 
soluble matters of the igneous rocks in the vicinity. lIe formed iden- 
tical ,vater by digesting Iceland rocks in hot rain-wat
l" 2. He as- 
certained that there are two kinds of hot springs in Iceland, viz., acid 
springs and alkaline-carbonate springs, and that only alkaline-carbon- 
ate springs contain any silica in solution. The reason is obvious: 
alkaline ,vaters, especially if hot, are the natural solvents of sili('a. 
3. lIe ascertained that only tlte silicated springs form geysetrs. Here 
is one important step taken-one condition of geyser-formation dis- 
covered. Deposit of silica is necessary to the exÜ;tence of geysers. 
The tube of a geyser is not an accidental conduit, but is built up by 
its own deposit. 4. Of silicated springs, only tltose with long tubes 
erupt-another condition. 5. Contrary to previous opinion, the silica 
in solution does not deposit on cooling, but only by drying. This 
would make the building-up of a geyser-tube an inconceivably slow 
process, and the time proportionally long. This, however, is not true, 
for the Yellowstone geyser-waters, which deposit abundantly by cool- 
ing, evidently because they contain much more silica than those of 


FIG. 7.-MACKENZIE'S THEORY OF ERUPTION. 
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Iceland. 6. The temperature of the water in tbe basin was found to 
be usually 170 0 to 180 0 , and that in the tube to increase rapidly, 
though not regularly, ,vith depth. l\loreover, the temperature, both 
at the surface and at all depths, increased regular1y as the time of 
eruption approached. Just before the eruption it was, at the depth 
of about forty-five feet, very near the boiling-point for that depth. 
1. It is well known that the boiling-point of water rises as tbe 
pressure increases. This is shown in the adjoining table. 2. It fol- 
lows from the above that if water be under 
strong pressure, and at high tem p erature, ' \ .,p t reSE<ll h re in I Boiling-Point 
t1 mOt-tp ere8. ; 
though below its boiling-point for that press- 
ure, and the pressure be din1inished sufficient- 
 At
o:3. 
Iy, it ,vill immediately flash into steam. 3. 3 " 
'Vater heated beneath, if the circulation be 4 " 
uninlpeded, is very nearly the same tempera- 
ture throughout. That it is never the san1e temperature precisely is 
shown Ly tbe circulation itself, which is caused by difference of tem- 
perature, producing difference in density. The phenomenon of sim- 
mering is also a well-known evidence of this difference of temperature, 
since it is produced by the colI apse of stean1-bubbles rising into the 
cooler water above. 4. But if the circulation be irnpeded, as when 
the water is contained in long, narrow, irregular tubes, and heated 
with great rapidity, the temperature may be greater below than above 
to any extent, and the boiling-point may be reached in the lower part 
of the tube, while it is far from this point in the upper part. 
We 'v ill suppose a geyser to have a simple hut irregular tube, with- 
out a cave, heated belo,v by volcanic fires, or by still hot volcanic 
ejections. Now, we have already seen tbat the telnperature of the 
water in the tube increases rapidly with the depth, but is, at every 
depth to ,vhich observation extends, short of the boiling-point for that 
o 0 0 0 0 0 :> depth. Let absciss a d'(Fig. 8) repre- 
11, 
 
 
 
 
 
 
 sent depth in the tube, and also press- 
1 Atmos ures; and the corresponding temper- 
ature be measured on the ordinate 
a n. If, then, a b, b c, C cl, represent 
equal depths of thirty-thr
e or more 
feet, which is eq ual to one atInospheric 
pressure, the curve efpassíng through 
210 0 , 250 0 , 275 0 , and 293 0 , at the hori- 
C zontal lines, representing one atn1os- 
phere, two atmospheres, three atmos- 
pheres, etc., would correctly repre- 
sent the increasing boiling-points as 
\ve pass downward. "\Ve shan call 
this line, ef, th.e CUr1)e of boiling-point. 
The line a g commencing at the surface at 180 0 , and gradual1y ap- 


2 Atmo8. 
33.3 ft. 


3 Atmos. 
66.6 ft. 


4 A tm08. 
100 ft. j"g 


FIG. 8. 


212 0 
250 0 
275 0 
293 0 
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proaching the boiling-point line, but everywhere within it, would rep- 
resent the actual temperature in a state of quiescence. Now, Bunsen 
found that, as the time of eruption approached, the ternperature at 
every depth approached the boiling-point for that depth, i. e., the line 
(t g moved toward the line e f. There is no doubt, therefore, that, at 
the moment of eruption, at some point below the reach of observation, 
the line a g actually touches the line e f-the boiling-point for that 
depth is actually reached. As soon as this occurs, a quantity of water 
in the lower portion of the tube, or perhaps even in the subterranean 
channels which lead to the tube, would be changed into steam, and 
the expanding steam would lift the whole column of water in the tube, 
and cause the water in the basin to b1.ll.qe and overflow. As soon as 
the water overflowed, the pressure would be dilninshed in every part 
of the tube, and consequently a large quantity of water before very 
near the boiling-point \vouid flash into steam and instantly eject the 
whole of the water in the pipe; and the stealn itself would rush out 
imlnediateIyafterward. The premonitory cannonading beneath is eyi. 
dently produced by the collapse of large steam-bubbles rising through 
the cooler water of the upper part of tbe tube; in other words, it is 
simmering on a h
lge scale. An eruption is more quickly brought on 
by throwing stones into the throat of the geyser, because the circula- 
tion is thus more effectually impeded. 
The theory given above is substantially tbat of Bunsen for the 
eruption of the Great Geyser, but modified to make it applicable to 
all geysers. In the Great Geyser, as already stated, Bunsen found a 
point, forty-five feet deep, where the temperature was nearer the 
boiling-point than at any with- 
in reach of observation, though 
doubtless beyoncl the reach of 
observation the temperature 
again approache(l and touchecl 
the boiling-point. This point, 
forty-fi ve feet deep, plays an. 
important part in Bunsen's 
theory. To illustrate: if e f 
(Fig. 9) represent again the 
curve of boiling-point, then 
the curve of actual tempera- 
ture in the Great Geyser tube 
would be the irregular line a 
g h. At the monlent of erup- 
tion, this line touched boiling-point at some depth, h, beyond the reach 
of observation. Then followed the lifting of the column, the overflow 
of the basin, the relief of pressure by which the point g was brought 
to the boiling-point, the instantaneous formation of steam at g, and 
the phenomena of an eruption. But it is extremely unlikely that this 
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FIG. 9. 
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condition should exist in all geysers; neither is it at all necessary 
in order to explain the phenomenon of an eruption. 
To prove beyond question the truth of his theory, Bun- r.i
 
sen conRtructed an artificial geyser. The apparatus (Fig. J!;..,.

 
10) consisted of .a tube 
f tinned sheet-iron. ãbout ten feet f
I



ß
!
1 
long, expanded Into a dIsh above for catc}nng the eru p ted I: ! ;;;,; 

I. r "'=';;':'
\ 

 
 I!'I,'/I" 'I: !I"I.\
t 
water. It mayor may not be expanded below for the con- );i
II.
!,
 '!{\!
 
venience of heating. It was beated, also, a little below the 
,ì1;1;f,
!iiii;
 
middle, by an encircling charcoal chauffer, to re p resent 
:t'l II,': I ; 
 I I "lil:I I \,' 
 1 
j 'lIllll' " :'1' 
 
the point of nearest approach to the boiling-point in the I I"
 '; :I I I;;
;!., I 
''' 11 ' 1 ' I ,,,,'!,. 
geyser-tube. 'Vhen this apparatus was heated at the two /1,'" r 
::I,III,I 
points, as shown in the figure, the phenomena of geyser- ': '/ i,
I
 
erupti
n 
ere c
rnpletely reproduced; first, the vio
ent "ili r l 
11 
explosIve SImmerJng, then the overflow, then the eruptIon, I
' If I I 
and then the state of quiescence. In Bunsen's experiment, 'II , "
 Iii 
I "I 
the eruptions occurred about every thirty minutes. 'j I,' 
According to Bunsen, a geyspr does not find a cave, or 11 
even a perpendicular tube, ready made, but, like volcanoes, 
makes its own tube. Fig. 11 is an ideal section of a geyser- 
mound, showing the manner in which, according to this 
view, it is formed. The irregular line, b a c, is the original 
surface, and a the position of a hot spring. If the spring 
be not alkaline, it "rill remain an ordinary hot spring; but, 
if it be alkaline, it will hold silica in solution, and the silica 
will be deposited about the spring. Thus the mound and 
tube are gradual1y built up. }1'or a long time the spring 
will not be eruptive, for the circulation will lllaintain a FIG. to.-ARTI- 
. f h b FICIAL GEYSEB. 
nearly equal temperature In every part 0 t e tu ('- 
it may be a boiling, but not 
an erupti \"e spring. But, as 
the tube becomes longer, and · 
the circulation more and more 
impeded, the difference of 
temperature between the up- 
per and lower parts of the 
tube becomes greater and 
greater, until, final1y, the 
boiling-point is reached be- 
low, while the water above 
is comparatively coo1. Then 
the eruption commences. Fi- 
nally, from the gradual failure of the subterranean heat, or from the 
increasing length of the tube repressing the formation of steam, the 
eruptions gradually cease. Bunsen found geysers in every stage of 
developJnent-some playful springs without tubes; some ,,,ith short 
tubes, not yet eruptive; some with long tubes, violently eruptive; 


FIG. H.-IDEAL SECTION OF A GEYSER-TUBE 
(according to Bunsen). 
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some becoming old and indisposed to erupt unless angered by throw- 
ing stones down the throat. 
It is evident, however, that Bunsen's theory of geyser-eruption is 
independent of his theory of geyser-formation. A tube or fissure of 
any kind, and formed in any way, if long enough, would give rise to 
the same phenomena. The Yellowstone geysers have mounds or chiln- 
ney-like cones, but it is by no means certain that the whole length of 
their eruptive tubes has been built up by siliceous deposit. Bunsen's 
theory of eruption none the less, however, applies to these also. The 
more chimney-like form of the craters in the case of the Yellowstone 
geysers is probably due to the greater abundance of silica in solution. 


... 


THE HYGIENIO INFLUENOE OF PLANTS. 


By MAX VON PETTENKOFER. 


T IlE animal kingdom is, as we kno,v, dependent on the vegetable 
kingdom, ,vhich must have existed 011 the earth before men and 
animals could live upon it. 'Ve may, therefore, rightly can plants 
children of the earth. But, in so doing we use the language of meta- 
phor, as ,vhen we speak of "
Iother Earth." The earth does not di- 
rectly bring forth either plants or animals. Every plant is the child 
of a mother-plant, descends from one of its o,vn kind like ourselves; 
but plants derive their nourishment directly from earth, air, and 
water, and, although generated by plants, are nourished directly by 
the inorganic breasts of Nature, and imply no other organic life but 
their own. IIad })lants a voice, they would more correctly speak of 
"Mother Earth" than ourselves. 
Plants live directly on the lifeless products of earth, and we live 
directly on the products of plants or on animals which live on them; 
our existence implies other organic life, and our nourishment is not 
derived so directly from the earth as that of plants. Since the vege- 
table world comes between 11S, we should rather call earth our grand- 
mother than our mother. At aU events it is an affectionate rela- 
tionship. 
'Ve have a natural feeling of close affinity ,vith the vegetable 
world, which expresses itself not only in our love of foliage and flow- 
ers, but in our fondness for metaphors derived from the vegetable 
world and its processes. If we were to reckon up how many meta- 
phors in ev
ry-day life and in poetry are derived from the vegetable 
world, and how many from other spheres of Nature, we should find a 
great excess of the former. 
Our material relations to plants are also very numerous. The 
question we are now concerned with is not w'hat food or ,vhat medi- 
VOL. XII.-27 
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cinal remedies plants provide us with, but the value of plants and 
plantations in dwellings and in the open air in conducing to health 
or preventing disease. We have given the subject verllittle consid- 
eration until quite recently, just as ,ye have thought YEry little of the 
way in ,vhich the pleasures of the table, fine raiment, comfortable 
dwellings, and many other things, conduce to our well-being. 1\lean- 
,vhile ,ve have been guided by our instincts, which, like Nature in 
general, have, on the whole, guided us rightly. Eyen now there is 
not much scientific knowledge on the subject; still there is a little, 
and something is gained 'when we begin seriously to reflect on any- 
thing, for knowledge is snre then to increase. AU that Jnan has ever 
aspired to a
d attained has always existed much earlier in idea than 
in reality. IJeas are never fully realized, as we all know, and it is 
only very gradually that they are realized at all. 
It is generally asserted that vegetation purifies the air, and chiefly 
by three functions: firstly, because plants absorb carbonic acid; sec- 
ondly, because under the influence of sunlight they exhale an equiva- 
1f'l1t in oxygen; and, lastly, because they produce ozone. These facts 
I need not demonstrate, as they Lave been placed beyond doubt by 
vegetable physiologists, chemists, and meteorologists. 
Iy task is to 
show what the direct sanitary effect of tbese three functions is. 
I must at once state that none whatever can be proved to exist. 
And, as tbis assertion ,vill contradict the prepossessions of many read- 
ers, I feel bound to prove my proposition. 
As to carbonic acid, the first question is: "\Yhat is the proper and 
normal proportion of this gas in the air, next how much more carbonic 
acid is contained in air which is notoriously bad; and, lastly, ,,,bethel' 
the air on a surface without vegetation contains essentially more car- 
bonic acid than one having vegetation upon it? 
The amount of carbonic acid in the open air has been often deter- 
mined, and is confined within very narrow limits. It may be said- · 
leaving severe storms or very thick fogs out of the question-to vary 
between three and four parts in each 10,000 of the volume of the air. 
Experiments have also been made on the quantity of carbonic acid 
in apartments occupied by man, and. it is generally taken as the crite- 
rion of the quality of the air, ventilation being regulated by it. In 
very bad air which is undoubted]y deleterious, it has been found to 
amount to from three to five per mille. One per mille marks the 
boundary-line between good and bad air in a room. 
We next inquire ,vhetber the atmosphere over a vast tract of 
country destitute of veget.ation contains more carbonic acid than one 
abounding in vegetation, wbether in the former case the amount of 
carbonic acid approaches one per mille. In 1830 De Saussure began 
to make researches into the yariations in the quantity of carbonic 
acid in Geneva, and they "
ere continued about ten years later by 
V erver in IlolIand, and Boussing
ult in Paris; in more recent, and 
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very recent times, a great number of experiments have been made on 
the subject by Roscoe in lUanchester, Schulze at l{ostock, and myself 
and my pupils, particularly Dr. 'V 01ffhüge1, at l\lunich. The result 
is, in the Inain, that the variations-very small from the tirst-have 
been found to be still smaller as the methods of determining carbonic 
acid have been perfected. 
Saussure, who worked by a method liable to give an excess, found 
from 3.7 to 6.2 parts in 10,000. He considered that there ,vere also 
slight variations between summer and winter, day and night, town 
and country, land and sea, mountains and valleys, which might be 
ascribed to vegetation. Boussingault, however, found the carbonic 
acid in the air to be rather less, and the same on an average in Paris 
and St.-Cloud; in Paris 4.13 and at St.-Cloud 4.14 in 10,000, which 
surpri"ed him the more as he had reckoned that in Paris at least 
,2,944,000,000 litres of carbonic acid were exhaled by men, animals, 
and fuel. 
Roscoe made experiments on the air at a station in the middle of 
l\Ianchester, and at two stations in the country. He was originally of 
opinion that the vast manufactures of 1\Ianchester, chiefly dependent 
on the consumption of coal, must produce a perceptible effect on the 
carbonic acid in the air; but he also discovered that the air in the 
space in front of Owens College contained no more than the air at 
the country stations. He also observed occasional variations: but, 
when the carbonic acid increased or diminished in tbe city, it was 
generally just the same in the country. Roscoe found the greatest 
amount of carbonic acid in the air during one of the thick fogs preva- 
lent in England. 
Schulze found the amount of carbonic acid in the air at Rostock to 
be between two and half and four parts in 10,000. On an average it 
was somewhat higher when the wind blew off-shore than off the sea. 
In l\Iunich, 'V olffhügel found the carbonic acid to be between 
three and four parts in 10,000. Now and then, but very seldom, he 
observed variations, the maximum being 6.9 parts in 10,000 in a very 
thick fog, the minimum 1.5 part in 10,000 in a heavy snow-storm, 
when the mercury ,vas very low in the barometer. 
It may be asked how tbe immense production of carbonic acid in 
3. city like Paris or 
Iallcbester can thus vanish in the air. The answer 
is very simple: by rarefaction in the currents of the atmosphere. We 
are apt not to take this factor into account but think rather of the air 
, 
as stagnant. The average velocity of the air with us is three metres 
per second, and even in apparently absolute calm it is more than }lalf 
a metre. If we therefore assume a column of air 100 feet high and of 
average velocity, it may be reckoned that the carbonic acid from all 
the lungs and chimneys of Paris or ]\[anchestcr is not sufficient to 
increase its amount so as to be detected by our methods. 
From this fact it n1ay be logically concluded that, if no increase 
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in the carbonic acid in the air is observable, no diminution will be 
observable from vegetation. 
It is a universally recognized and incontrovertible fact that the 

 
carbonic acid contained in all the vegetable life on earth is derived 
from the carbonic acid in the air, in 'water, and the soil. l\Iany con- 
clude, therefore, that the air in a green wood must contain less car- 
bonic acid than that in a city or that of an extensive tract of waste 
land. But I can assure them that the air in the Sahara, so called, of 
l\Iunich, formerly called the Dultplatz, contains no more carbonic 
acid than the neighboring Eschen-grounds. Of this I can give incon- 
testable proof, an argument ad lto'Jninem. Dr. Zittel brought. me 
several specimens of air in hermetically-sealed glass tubes, from his 
travels in the Libyan Desert, from sandy wastes and from oases, on 
which I could conveniently make experiments at l\Iunich. The 
amount of carbonic acid does not differ in the least in the air from the 
barren waste and the greenest oases. The case is just the same with 
the amount of oxygen in the air. It was formerly thought, 'when im- 
perfect methods were employed, tbat perceptible variations could be 
proved. Thus, for example, the outbreak of cholera in 1831 was at- 
tributed to a diminution of oxygen in tbe air, and here and tl)ere ex- 
}}eriments were made ,vhich seen1ed to confirm the opinion. The 
hypothesis did not seem improbable, for it 'was concluded with cer- 
tainty that in tropical swamps, ,vhich are the bomfì of cbolera, the 
oxygen in the air might have been in course of time diminished by 
the vast lnasses of decaying matter. But, since the method of gas 
analysis has been arranged by Von Bunsen, the amount of oxygen in 
the air on the summit of 1\lont Blanc has not been found to differ from 
that in a city or in the swamps of Bengal. N either is it greater in 
forest or sea air than in the air of the desert. 
This absence of demonstrable variation, in spite of the productioIJ 
of oxygen by 1i\Ting vlants and the ahsorption of it by the processe
' 
of combustion and decay, becomes intelligible when we consider first 
the n1obility, and then the mass of the air encompa
sing our earth. 
The "
eight of this mass is, as the harometer tells us, equal to that of 
a layer of mercnry which would cover the surface of the earth to the 
depth of 760 millimetres (more than three-quarters of a metre). From 
the weiO'ht of this several billion kilon1etres , some idea can be formed 
b , 
of the volume of the air, wJlen we consider that air, even beneath a 
pressnre of 760 mil1imetres of mercury, is yet 10,393 times lighter than 
Inercury. In masses like the
e, variations such as those we speak of 
go for nothing. The amount of carbonic acid and oxygen might per- 
haps be essentially changed in Paris or l\lanchester if all organic 
matter on and in the earth were burning at once. 
Even if it is granted, ho,vever, in face of these incontroyertib1è 
facts, that vegetation exercises no perceptible influence upon the com- 
position of the atmosphere in the open air, many persons ,vill not be 
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disposed to give up the idea tbat the air in roon1S can be improved by 
plants, because, as is well kno'wn, every green leaf absorbs carbonie 
acid and gives out oxygen under the influence of light. This id(1a 
may seem the more justifiable, because, although the production of 
carbonic acid is not perceptible in the greatest assemblages of human 
beings in the open air, it is always observed in confined spaces, al- 
though the actual production is but small. Iu the air of a closed 
apartment, every person and every ligbt burning makes a perceptible 
difference in tbe increase of carbonic acid in the air. :ßlust not, there- 
fore, every plant in a pot, every spray, any plant "Tith leaves, make a 
perceptible difference in a room? Every lover of fio,vers may be 
pardoned for wishing to see this question answereù in the affirmative. 
Ilave not eV(1n medical men proposed to adorn school-rooms .with 
plants in pots instead of ventilating them better, in order that their 
leaves and stems might absorb carbonic acid froln the 1110Uths of the 
. children, and gi\Te out oxygen in its stead? But hygiene cannot 
agree even to this. flygiene is a science of economics, and every 
such science has to ask not only ,,
hat exists and whether it exists, 
but how much there is and whether enough. The power of twenty 
pots of plants would not be nearly sufficient to neutralize the carbonic 
acid exhaled by a single child in a given tin1e. If children ,vere de- 
pendent on the oxygen given off by flowers, they would soon be suf- 
focated. It must not be forgotten what a slo,v process the production 
of matter hy plants is-lllatter ,vhich the animal organism absorbs 
and again decomposes in a very short tilne, ,vbereby as much oxygen 
is used up as has been set free in the production of it. It is for this 
reason that such great extents of vegetation are required for tbe 8US- 
tenance of animals and man. The grass or hay consumed by a cow 
in a cow-house grows upon a space of ground on ,vhich a thousand 
head of cattle could stand. Ilow slo,v is the process of the growth of 
,vheat before it can be eaten as bread, which a man will eat, digest, 
and decompose, in twenty-four hours! The animal and human organ- 
ism conSUTnes and decomposes food as quickly as a stove burns the 
wood which took so many thousand times longer to grow in the 
forest. 
It would scarcely be intelligible if I were to calculate how much 
carbonic acid and oxygen a rose, a geranium, or a hignonia, would 
absorb and give out in a room in a day, and to what extent the air 
luight be changed by it, taking into account the inevitable clwnge of 
air ahvays going on. I will draw attention to a concrete case which 
everyone can understand: 
'Vhen the Royal 'Vinter Garden in l\Iunich was completed and in 
use, it occurred to me to make experÏInents on the effect of the whole 
garden on the air within it. There could not be a more favorable 
opportunity for experimenting on the air in a space full of vegetation. 
This green and blooming space "Tas Hot exposea to the free currents 
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of air which at once imnlensely rarefy all gaseous exhalations, but W3S 
kept ,varm under a dome of glass, through which only tbe light of 
heaven penetrated. Although not hermetically sealed, t13e circulation 
of air in such a building, compared with that in the ;pen air, is re- 
duced over a hundred-thousandfold. 
I asked permission to make experiments for several da)Ts at 
various hours of the day and night, which ,vas readily grantéd. Now, 
'what was the result? The proportion of carbonic acid in tbe air in 
the winter garden was almost as high as in the open air. This greatly 
surprised me, but I hoped at any rate to have one of my traditional 
ideas confirmed: I 'hoped to find less carbonic acid in the day than- in 
the night, supported by the fact that the green portions of plants 
under the influence of light decompose carbonic acid and develop 
oxygen. But even here I "Tas disappointed. I generally found car- 
bonic acid increasing from n10rning till evening, and decreasing fro
 
night till morning. As this seemed really paradoxical, I doubled my 
tests and care, but the result remained the 8ame. At that time I 
knew nothing of the large amount of carbonic acid of the air, in the 
soil, the air of the ground, or I should probably have been less sur- 
prised. 
One day it suddenly became clear to me ,,'hy there 'was ahvays 
more carbonic acid by day than by night. I had been thinking only 
of the turf, the shrubs, and trees, which consume carbonic acid and 
produce oxygen, and not of the men and birds in the winter garden. 
One day, when there ,yore considerably more men at work there than 
usual, the carbonic acid rose to the highest point, and sank again to 
the average during the night. The })roduction of carbonic acid by 
the working and breathing of human beings ,vas so much greater than 
that consumed by the plants in the same time. 
The oxygen in the winter garden was l'ather higher than in the 
open air; there it was about twenty-one })er cpnt., and in the winter · 
garden twenty-two to twenty-three per cent. 
I did not make any experiments on ozone, for reasons which I will 
give by-and-by. 
The amount of carbonic acid in the air in the winter garden can- 
not be reckoned as telling for or against the hygienic yall1e of vege- 
tation in nn inclosed space. J..
t us inquire, then, into the value of 
the slight increase of oxygen. 
There is a wide-spread opinion tbat the breathing of air rich in 
oxygen effects a more rapid transformation of matter, a more rapid 
combustion, as we say, in the body. Even great inquirers and 
thinkers have considered that we only eat and imbibe nourishment to 
satiate the oxygen streaming through us, which ,,,ould otherwise 
consume us. We know now ,veIl enough tl1at the quantity of oxygen 
which we imbibe does not depend on tIle quantity in the air 'we 
1)reathe, but far more on previous changes in and the a nlount of 
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transformation of matter in the body, which are regulated by the 
requirements of breathing. The inhalation of oxygen is not a pri- 
mary but a secondary thing. 'Vben we inhale. air at every breath 
richer than usual in oxygen-for example, when breathing high1r- 
compressed air, as divers do, or laborers on the pneumatic founda- 
tions of bridge-piers-the result is not a largercomsumption of matter 
and an increased production of carbonic acid, but merely a decrease 
in the nnn} bel' of inhalations. If in air of ordinary density ,,"'e Inake 
about sixteen respirations in a minute, in air of greater density "Te 
should involuntarily make only twelve, ten, or eight, according to the 
density an d our need of oxygen; all else remains the same. 
Lavoisier, and, half a century later, Regnau1t and Reiset, placed 
aninulls for twenty-four hours in air very rich in oxygen, but they did 
not consume more of it than in tbe ordinary air. An increase of oxy- 
. gen in the air, therefore, or pure oxygen gas, only produces an effect 
in certain morbid conditions, in cases of difficulty of breathing, or 
where breathing has been for some time suspended, because an in- 
spiration cOlnmunicates more oxygen to the blood than breathing 
ordinary air. A healthy person can, ho,vever, without difficulty or 
injury, cOlnpensate for considerable differencc
, and an increase or 
decrease of one or two per ceut. of oxygen does no harm, for under 
ordinary circumstances we 
nly inhale one-fourth of the oxygen in 
the air ,ve breathe; 'we inhale it with t,venty-one per cent. and ex- 
hale it ,,
ith sixteen per cent. 
So far, therefore, as ,ve feel ill or well in a winter garden, it does 
not depend on the quantity of oxygen in the air, and there is no 
greater appreciable quantity of oxygen in a wood of thick foliage 
than in a desert or on the open sea. 
Let us also for a mOlllent consider the ozone in the air, which may 
be looked upon as poJarized or agitated oxygen. After its discoyery, 
which has immortalized the name of Schönbein, "'as made known, it 
was thought for a time that the key had been found for the appear- 
ance and disapl)earance of various diseases, in the quantity of ozone 
in the air. But .one fact, which was observed from the first, shows 
that it cannot be so; for the presence of ozone can never be detected 
in our dwellings, not even in the cleanest and best ventilated. Now, 
as it is a fact that ,ve spend the greater part of our lives in our 
houses, and are better than if ,ve Jived in the open air, the hygienic 
value of ozone does not seem so very great. Added to this, the 
medical men of I{önigsberg long had several ozone-stations there, 
during ,vhich time various diseases came and went, without, as appears 
from the reports of Dr. Schiefferdecker, ozone having the slightest 
connection ,vith the appearance or disappearance of any of them. 
Dr. 'V olfhügeI, assistant at the Hygienic Institute at }Iunich, has 
latèly been occupied 'with the question of the sanitary value of ozone, 
but has arrived at only negative results. 
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But in saying this I have no intention of denying that ozone is of 
great importance in the atmosphere, for I am of opinion that it is. 
It is the constant purifier of the atmosphere ii'om all organic matter, 
"rhich passes into it and might accumulate. The air would have 
been long ago filled ,vith the vapors of deconlpositiolJ if it were not 
for ozone, which oxidizes all that is oxidizable, if only time enough is 
allowed for it, and too much is not expected at once; for, generally, 
the amount of ozone in the air is so small that it is consumed in 
making its way into our houses, without disinfectinO' thenl and we 
b , 
can no more dispense with the greatest cleanliness and best ventila- 
tion in our homes than we can essentially change the air in our rOOilJS 
by means of plants in pots and foliage. 
SOlne of IllY readers win perhaps ask in SOI11e disappointment, "In 
what, then, does the hygienic value of plants and plantations consist? 
Or do I mean to say that all the money spent by one and another on 
a parterre of flowers in his house or on a garden, or by a community 
for beautiful grounds, or by a state for the preservation of forests, 
with the idea of promoting hea1th, is nlere luxury, without any hy- 
gienic value?" These questions alter our standpoint, and I believe I 
shan be able to show that e,'en hygiene does recognize a sanitary 
value in plant.s and flowers, in the laying out of grounds and planta- 
tions, only it offers a different explanation from the ordinary one. 
I consider the impression which plants and plantations make upon 
our n1Ïnds and senses to be of hygienic value; further, their influence 
on the confornlation of tbe soil, with which health is in nlany respects 
connected; and, finally, their influence upon other qualities of tl)e air, 
than carbonic acid, oxygen, and ozone: among these may be men- 
tioned, in passing, shade in summer, and decrease of w"ind and dust. 
It is an old observation, needing no demonstration, that the cheer- 
ful and happy man lives not only an easier, but, on the average, a 
more healthy life than the depressed and morose man. lUedical men, 
and especially" mad doctors," could tell us much of the great yalne 
of a certain relative proportion of p1easurable and painful inlpressions 
upon hea1th, and how frequently some unfortunate position, an ab- 
sence of pleasure, or too much of painful impression, is the cause of 
serious illness. :ThIan always tries, and bas an irresistible need, to 
balance painful sensations by some kind of pleasure or other, so that 
often, in order to g
t himself into a tolerable frame of mind, or to 
deaden his fee1ings for a time, he will have recourse to wine, beer, or 
spirits, though he knows wen enough that be "will be "
orse afterwarò 
than before. A certain amount of change and recreation is indispen- 
sable, and, failing others, ,ve seek them by injurious means. There 
are, doubless, some unhappy and morbid natures wl)o are alwaYR 
discontented, to whom everything comes amiss, and Wh0111 it is im- 
possibl
 to help; but the majority of m
n are easily pleased, find 
pleasure in little things, though it is but a sorry life they lead. It 



THE HYGIENIO INFLUE.i.VCE OF PLANTS. 4 2 5 


is something the same with the pleasures of life as with the pleasures 
of the table; we must relish our food if it is to do us good. 'Vhat 
good will the most nourishing diet do me if it creates disgust? Prof. 
C. V oit has clearly pointed out, in his ex perinl(
ntal researches into 
rliet, the great value of palatable food, as well as noUri8hn1(
nt, and 
how indispensable a certain variety in our nleals is. ,,-r e think .we 
are only tickling the palate, and that it is nothing to the ston1ach and 
intestines whether food is agreeable to the palate or not, since they 
will digest it, if it is digestible at all. But it is not so indifferent, 
nfter all ; for the ner,.es of the tongue are connected with other nerves 
and with the nerve-centres, so that the pleasures of the palate, or 
some pleasure, at any rate, even if it is only Ìlnagination, which can 
only originate in the central organ, the brain, often has an active 
effect on other organ
. This is a matter of daily experience. If you 
put your finger down your throat, you produce retching; many peo- 
. pIe have only to think of anything disgusting to produce the effect 
of an ernetic, just as the thought of something nice makes the mouth 
water just as nluch as tasting the most dainty morsel. V oit showed 
me one of his dogs with a fistula in the stomach. So long as this dog 
is not thinking of food, his stomach secretes no gastric juice, but no 
sooner does he catch sight of a bit of meat, even at a distance, than 
the stomach prepares tor digestion and secretes gastric juice in abun- 
dance. 'Vithout this secretion the assimilation of nourishment ,vould 
be impossible. If, therefore, some provocatives induce and increase 
certain sensations and useful processes, they are of essential value to 
health, and it is no bad econonlY to spend something on them. 
I consider flowers in a l'oom, for all to whom they give pleasuJ"(1, to 
be one of the enjoyments of life, like condiments in food. It is cer- 
tainlyone of the most harmless and refined. We cannot live on pleas- 
ure alone; but, to those 'who have 
omething to put up with in life, 
their beloved flowers perform good service. 
The same may be said of private gardens and public grounds, and 
of the artistic perfecting of them. The nlore tastefully laid out, the 
better the effect. Though tastes differ, there is a general standard of 
taste which lasts for several generations, though it varies from time 
to time, and is subject to fashion. As their object is to give pleasure, 
public grounds should accord with the taste of the age, or aim at cul- 
tivating it. This is a justification for going to some expense for 
æsthetic ends. 
The influence of vegetation on the soil is much more easy to deter- 
rnine than on the mind of man. Space fails me to go into 3ll the 
aspects of this suhject, and I will confine myself to some of the most 
ob,.ious. The difference is most apparent on comparing the soil of a 
tract of land co,.ered \vith ,vood with the soil outside, in other respects 
alike. The Bavarian Forest Department deserves great credit for 
having established meteorological stations w'ith special reference to 
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forest-culture, under the superintendence of Prof. Ebernlayer, of 
..A,schaffenburg. He has published his first year's observations in a 
work on "The Influence of Forests on the Air and Soil, and their 
Climatic and Hygienic Importance," 1 which may be re
mmended to 
everyone ,vho wishes to study the subject. 
JHoderll hygiene has observed that certain variations in the moist- 
ure of the soil have a great influence on the origin and spread of cer- 
tain ppidemic diseases, as for instance {'bolera and typhoid fevcr- 
that these diseases do not become epidemic when the moisture in the 
soil is not above or belo,v a certain level, and has remained so for a 
time. These variations can be measured ,vith greater accuracy by the 
ground-,vater of the soil than by the rainfall, because in the latter 
case 'l"e have to determine how much water penetrates the ground, 
how much runs off the surface, and ho,y lnuch evaporates at once. 
The an10unt of moisture in tbe soil of a forest is subject to consider- 
ably less variation than that outsiG.e. Ebern1ayer has deduced the 
following result from his meteorological observations on forestry: 
"If from the soil of an ol)en space 100 parts of ,vater evaporate, then 
from the soil of a forest free from underwood 38 parts ,vould evapo- 
rate, and from a soil covered with underwood only 15 parts would 
evaporate." This simple fact explains clearly ,,-hy the cutting down 
of wood over tracts of country is always foHowed by the drying up 
of wells and springs. 
In India, the home of cholera, much importance has been attached 
in recent times to plantations as preventives of it. It has been al- 
\vays observed that the villages in wooded districts suffer less than 
those in treeless plains. 
lany instances of this are given in tIle 
reports of Dr. Bryden, President of the Statistical Office in Calcutta, 
nnd Dr. :àlurray, Inspector of Hospitals. For instance, Bryden 2 com- 
p3res the district of the l\lahanadda, one of the northern tributaries of 
th
 Ganges, the 
hnost treeless district of Rajpoor, with the forest dis- 
trict of Sambalpoor. It is stated that in the villages in the }Jlain of Raj- 
poor, sixty or se,-enty per cent. of the inhabit3nts are sometimes s"Tept 
away by cholera in three or four days, 'while the wooded dif'trict of 
Sambalpoor is often free from it, or it is much less seyere. The dis- 
trict commissioner, ,vllo had to make a tour in the district on account 
of the occurrence of cholera, report
, 31TIOng other things, as follows: 
"The I'oad to Sambalpoor runs for sixty or seventy miles through the forest, 
which round Petorah and J enkfluss is very dense. Now, it is a remarkable fact, 
but it is a fact, nevertheless, that on this route, traverRed daily by hundreds of 
travelers, vehicles, and baggage-trains, the cholera rarely appears in this extent 
of sixty miles, anù when it does appear it is in a mild form; but "'}1en we come 
to the road from Arang, westward to Chicholee Bungalow, which rnns for about 


1 "Die physikali:;chen 'Vil'kungen des ",.. aldes auf Luft und Boden und seine klimatolo- 
gischp und hygienische Bedeutung." 
2 " Epidemic Cholera in the Bengal Presidency," 1869, p. 225. 
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ninety n1Ïles through a barren, treeless plain, we find the cholera every year in 
its more severe form, the dead and dying lying by the waysiùe, and trains of 
vehicles half of whose conductors are dead." 


In the sanle report Dr. Bryden continues: 
"I wiU mention one other fact as a result of my observations, namely, that 
places surrounded by those vast and splendid groves which are occasionally 
seen, lying in low and probably marshy situations, surrounded by hills, and 
which
 from the mass of decaying vegetation, are vel'y subject to fever in Sep- 
tember, October, and November, are seldom visited by cholera, and if it occurs 
there are but few deaths, while places on high ground, or in what are called 
fine, airy situations, free from trees and without hills near, so that they are thor- 
oughly ventilated, suffer very much from cholera." 
JUurray gives a number of instances showing the influence of trees 
on the spread of cholera. One of these may finel a place here: 
" The fact is generally believed, and not long ago the medical officer of J atis- 
gar, in Central India, offered a striking proof of it. During the wide-spread 
epidemic of cholera in Allahabad, in 1859, those parts of the garrison whose bar- 
racks had the advantage of having trees near theIn enjoyed an indisputable ex- 
emption, and precisely in proportion to the thickness and nearness of the shelter. 
Thus the European Cavalry in the Wellington Barracks, Wllich stand between 
four rows of mango trees, but are yet to a certain extent open, suffered lllUc.h 
less than the Fourth European Regiment, whose quarters were on a hin exposed 
to the full force of the wind; while the Bengal 110rse Artillery, whò were in a 
thicket of mango-trees, had not a single case of sickness; and the eXeInption 
cannot be regarded as accidental, as the next year the comparative immunity 
was precisely the same." 1 


We need not, however, go to India to observe similiar instances 
of the influence of a certain elegree of moisture in the soil favored by. 
,vooels or other conditions; ,ve can find then1 mud} }learer home. In 
the cholera epidemic of 1854, in Bavaria, it was generally observed 
that the places in the moors were spared, in spite of the otherwise 
bad condition of the inhabitants. The great plain of the Danube 
fro In Neuburg to Ingolstadt w'as surrounded by places where ít was 
epidemic, while in the plain itself there were but a few scattered 
cases. The san1e thing has been demonstrated by Reinhard, Presi- 
dent of the Saxon l\ledical College. Cholera has yisited Saxony eight 
times since 1836, and every time it spared the northerly district be- 
t,veen Pleisse and Spree, where ague is endernic. 
In the English Garden at l\Iunich there are several buildings, not 
sparsely tenanted-the Diana BatlJs, the Chinese Tower, with 3- 
ta,yern ana out-buildings, the Gendarnlerie Station, and the I{leinkes- 
scHohe. In the three outbreaks of cholera at l\Iunich none of tbese 
places llave been affected by it. This fact is the more surprisi
g, as 
thr
e of tllem cOlnprise puhlic taverns into which the disease germs 
must have been occasionally introduced by the public; yet there was 
1 "Rrport on tbe Treatment of Epidemic Cholera," 1869, p. 4. 
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no epidemic in these houses, although it prevailed largely immediatel v 
beyond tbe English Garden and close to the Diana Baths in 1854 and 
1873. It must bave been accidental tha.t no isolated cases occurred 
, 
as the inmates of the Chinese Tower, or the Kleinkessellohe, might 
bave caught it in ]\Iunich as others did who came from a distance, 
but, had there been single cases, probably no epidemic would ha\'e 
occurred in these houses. 
Even if these deductions must be accepted with caution from an 
etiological point of view, still, on the whole, they indisputably tell in 
favor of trees and woods. 
Surface vegetation has also other advantages, besides its use · in 
regulating the moisture in the soil; it purifies it from the drainage of 
human habitations, whereby it is contaminated and impregnated. If 
this refuse matter remains in soil destitute of growing vegetation, 
further decomposition sets in, and other processes are induced, not 
always of a salubrious nature, but often deleterious, the products of 
which reach us by means of air or water, and may ])enetrate into our 
houses. But from this indisputable fact false conclusions are 80me- 
times drawn. l\Iany people imagine that if a few old trees are left 
standing in an open space their roots will absorb all the impurities 
from the houses around, and render the refuse which accumulates 
beneath them innocuous. This idea is not only false in a sanitary 
poilJt of view, but very injurious, as it prevents people from taking 
the measures w'hich alone can keep the ground under our houses 
pure. 
We will now explain why the- shade of gardens and woods is at 
certain s
asons so beneficial. The human race during its pilgrimage 
on earth and wandering's over it has many difficult tasks to perform. 
One of the most difficult is involved in tbe necessity that all our in- 
ternal organs, and the blood, whether at the equator or the Dorth- 
pole, should retain an equable temperature of 37t O Centigrade (980 
Fain'.). Deviations of but one degree are signs of serious illness. 
The blood of the negro and that of the Esquimaux is of the same tenl- 
perature, while the one lives in a temperature of 40 0 above, and the 
other 40 0 belo,v zero (Centigrade). A difference of 80 0 has therefore 
to be equalized. 
Our organism, doubtless, possesses a special apparatus for the per- 
formance of this colossal task, self-acting sluices so to speak, by means 
of which more or less of the heat generated in the body passes off: 
these consist mainly in the increase or diminution of the peripberic 
circulation, and the action of the pores of the skin. But we soon come 
to the find of our natural regulating apparatus, and have to resort to 
artificial means. Against cold we have excellent methods in clothing, 
dwellings, and fires; but at present our precautions against heat are 
very limited. This is, doubtless, the reason "rhy higher civilization 
bas extended so much farther toward the polar regions than toward 
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the equator. The Gernlanic races, particularly, inevitably degenerate 
after living for a few generations in the tropics, and must be con- 
tinually renewed by imlnigration if they desire to retain suprenlacy, 
as is proved by the case of the English in India. They will not be 
able to settle there and maintain the characteristics which have made 
them dominant, until means have been found of diminishing the heat 
of the body at pleasure, as we are able to maintain it in the north. 
.At present our rmnedies against heat are baths, fans, and shade. 
'Ve lose the heat of our bodies in three different ways: by the 
Inedium in which we are, generally the air, and which can be warmed; 
hy the evaporation of perspiration; and by radiation from bodies of a 
lower temperature, not taking into account a small portion of heat 
which goes off in mechanical labor. Under ordinary circumstancc3 
ill temperate climates, we lose half the heat generated by radiation, 
one-fourth by evaporation, and one-fourth by the conducting medium 
in which we are. In proportion as any of these methods is dimiuished, 
one or both the others must be increased_ As long as possible, our 
organisms are so obliging as to open and close the sluices themselves 
without our cognizance, provided that our regulating apparatus is in 
order, that we are not ill. It is only when our good servant the skin, 
under certain conditions, has come to an end of its powers, that "Te 
begin to feel that ,ye Inust lend our aid. And thus we have found by 
experience that, in hot ,veather, shade helps tbe body to keel) cool to 
the needful extent. The chief effect of shelter is to prevent the sun's 
rays froin striking us directly; but, if this \vere all, it would be 'as 
cool in the height of summer in-doors, or even under the leaden roofs 
of Venice, which have driven many to frenzy and desperation, as un- 
der the shade of a tree or in a wood. It also makes a great difference 
whether the sun's rays fall on thick foliage or on a roof of slate or 
Inetal. A great deal of heat is neutralized by evaporation from the 
leaves; another portion by the decomposition of carbonic acid, just 
so much as is set free when we burn the wood and other organic com- 
binations into the composition of which it enters. The J'1eat produced 
hy burning wood in a stove is derived from the sun; it is but the 
captured rays of the sun again set free by combustion. We learn 
from Ebernlayer's work that the temperature of the trees in a forest, 
and e\.en in the tops of them, is always lower than the air in the 
forest. 
Besides this, shade in the open air a1 ways causes a certain dr;ught 
,vhich acts as a kind of fan. All must have noticed when walking in 
oppressÏ\'e heat, when the air seems still as death, that a refreshing 
breeze arises as soon as a cloud casts a shade. The sanle thing n1a
7 
often be ohserved in summer in walkinO' throuO'h a street with close 
b 
 
rows of houses, ,vhen the air is still, and one side iR sunny, the other 
in shade. On the sunny side there is not a breath of air, ,vhile on the 
other there may be a light breeze. This is easily explained; so far as 



43 0 THE POPULAR SCIENCE ßIONTHL1 T . 


the shade extends the air is cooler than in the sun; layers of air of 
unequal warmth are of different gravity, and this difference of temper- 
ature is the cause of the motion in the. air. 
The shade of a single tree, therefore, cools not onlÿby intercept- 
ing the sun's rays, but also by the effect of gentle fanning. The shel- 
ter of a thick ,vood, ho,vever, is much more agreeable than that of a 
single tree. The air in a wood is cooler than that of an open space 
exposed to the snn. The air from outside is drawn into tbe wood is 
. , 
cooled by it, and cools us again. And it is not only the air that 
cools us, but the trees the1llselves. Observation has shown tl]at the 
trunks of trees in a wood breast-high, even at the hottest time of day, 
are 50 Centigrade cooler than the air. ,,-r e therefore lose considerable 
heat by radiation to these cooler objects, and can cool ourselves more 
easily at a temperature of 25 0 Centigrade in a wood than at a much 
lower temperature in an open space. When the objects around us are 
as warm as ourselves we lose nothing by radiation; ,vhat is radiated 
from us is radiated back by them. This is why we are so uncomfort- 
able in heated and overcrowded rooms. It is generally set do,vn to 
bad air, and this does certainly contribute to it, but it is chiefly the 
result of disturbed distribution of heat, as has been plainly sho,vn by 
experiments on the composition of such air, which makes many people 
feel ill.- Oonte'Jízporary Review. 
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COUNTIKG BY TIlE AID OF TIlE FIKGERS. 


By PROF. JOHN TROWBRIDGE. 


a XE cannot with any reason contend tbat tbe universal possession 
of ten finO"ers arO"ue8 a natural tendenc y of the hunlan mind 
ð ð 
toward the decimal system; it is certainly true, ho'wever, that multi- 
tudes of men and "
omen find their fingers of great assistance in 
arithmetical operations. The intelligent scnool-teacher is apt to dis- 
courage the pupil's use of the fingers in addition, and to encourage 
mental counting without their aid. I have been interested to discover 
the nature of this mental process which goes on apparently without 
the aid of the bands. From questioning a large number of persons, I 
find that five or six is the limit to the numbers of things which one 
can repeat, and also keep the count. Of course, this limit can be 
much exceeded by practice; one person who ,,"'as interrogated could 
count up to fifty, but he was an astronomer. l\Iost persons reply to 
the interrogatory, "Ho,v do you keep the count?" by saying, " I run 
up to five, and then again to five, and so on." In most cases it was 
found that a subdivision into ones and twos preceded this division into 
fives. The division into twos seemed to be the most conlmon; l)y 
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accenting eVl3ry second number it is not difficult to run up to six or 
eight, anù still keep the count. In reflecting upon the answers to my 
interrogatories, I was led to believe that the possession of ten fingers 
'was not the only cause of our counting by fives and tens, but that a 
certain rhythm in a systmn of counting by tw'os enabled us to over- 
come a resistance to memory. 
This point can be elucidated in the following manner: If we desire 
to keep the count of the letters of the alphabet while we repeat their 
name
, we can arrange them 
advantageously in a system of B D C 
squares separated by a clamp 
of two as in Fig. 1. IJere we A D 
, f . FIG. 1. 
ha ve a system 0 twos counting 
up to ten. A system of mental sqnares, so to speak, is formed, which 
enables us to hold the numbers apart, and to form a distinct classifi- 
cation. This system is capable of much extension: for instance, we 
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c
n readily form another square in which a mental diagram like Fig. 
1 is placed again at the four corners of a square, giving us forty; and 
the systenl of squares is capable of much further extension before the 
mind becomes confused and loses its count. In repeating t1Jese dia- 
grams in the mind, a certain rhythm will be perceived which is want- 
ing when we use the system of triangles 'which is represented in Fig. 
3, or a system of pentagons or hexagons. Indeed, with the last-named 
figures great mental confusion speedily arises; the mental resistance 
to holding a clear image of a square or triangle in the mind is much 
less than that which arises when we wish to behold mentally a penta- 
gon or a hexagon. 
It would not be difficult to, proye a close relation between the 
fornls of verse and the instruments by which a mathematician monnts 
to the expression of thought. The commonest forms of verse are 
written in four or five feet. In reading such lines the memory retains 
the rhythnl and the words of each line without effort. 'Vhen, ho\v- 
e\'er, we increase the number of feet in the verse, their length becomes 
cumbrous and the memory flags. No system of squares or triangles 
can obyiate this difficulty. A system of geometrical mnen10nics could 
undoubtedly be based upon the preceding exemplifications. 
In the early dawn of hunlan knowledge the arrangement of points 
in squares and triangles, and the further conception of areas by their 
subdivision into triangles, undoubtedly arose from the inability of the 
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human mind to retain distinct images of figures more complicated 
than rectangles or squares. In the case of curved lines, the mind has 
a tendency to refer all arcs to circles, since a circle forms as definite a 
conception as a square. The fact that it is made up of an infinite 
num bel' of straight lines has significance only to a geometer. 
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1tIODERN LIFE AND INSANITY. 


By DA:XIEL HACK TUKE, M. D. 
T IlE relation between modern civilized life and insanity cannot be 
regarded as finally determined while a marked difference of 
opinion exists in regard to it among those "rho have studied the 
subject; nor can this difference be wondered at by anyone 'who has 
examined the data upon which a conclusion must be formed, and }Ias 
found how difficult it is to decide in ,,,"hich direction some of the evi- 
dence points. Statistics alone may prove utterly fallacious. l\Iere 
speculation, on the other hand, is useless, and indeed is only Inislead- 
ing. It is a matter on which it is tempting to write dognlaticalIy, 
but where the honest inquirer is quickly pulled UI) by the hard facts 
that force themselves on his attention. Nothing easier than to in- 
dulge in unqualified denunciations of modern society; nothing more 
difficult than a cautious attempt to connect the social evils of dIe 
present day witll the statistics of lunacy. Nothing easier than to 
make sweeping statements without proof, nothing more difficult than 
to apportion the mental injury respectively caused by opposite modes 
of life; totally diverse social states of a nation often leading to the 
same termination-insanity. These are closely bound together in the 
complex condition of modern civilized society. No doubt if we care. 
for truth, and avoid rash assertions, we do it at the expense of a cer- 
tain loss of force and incisiveness. Dogmatic stateInents usually pro- 
duce more effect than carefully-balanced and strictly logical positions. 
Honesty, however, compels us to speak cautiously, and to confe8s the 
difficulties to ,yhich we have referred. 
"\Ve shan not enter at length into the question which is at once 
raised by an inquiry into the relation between modern life and in- 
sanity-whether lunacy is on the increase in England. Twenty years 
ago there was one lunatic or idiot officially reported to 577 of the 
population; the latest returns place it as high as one in 370. Were 
we to go further back, the contrast would be far greater. That the 
increase of known cases of insanity Jlas been very great, no one, 
therefore, disputes. Further, that the attention paid to the disease; 
the provision made for the insane; the prolongation of their lives in 
asyJums, and the consequent accumulation of cases, and other circum- 
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stances into which our limits forbid us to enter, account for the greater 
part of this alarming apparent increase, is certain. Whether, how- 
ever, there is not also an actual increase, unaccounted for by popula- 
tion, or by accumulation, remains an open question, w}1Ïch statistics 
do not absolutely determine. At the same time we think that it is 
quite probable that there has been some l'eal increase. 
To ,vhat social class do tbe great mass of our lunatics belong, and 
to ,vhat grade of society does the striking apparent increase of the 
insane point? The large majority of lunatics under It'gal restraint 
undoubtedly belong to tbe pauper population. On the 1st of January, 
1877, of the total number of patients in asylums and elsewhere (in 
ronnd numbers 66,600), about 59,000 were pauper, and only '7,600 
private patients. These figures, however, fail to convey a correct 
statement of the relative amount of insanity existing among tbe class 
of the originally poor and uneducated masses and the class above 
them, because in a considerable number of instances members of the 
middle and still higher classes have become paupers. Again, the 
wealthy insane remain very frequently at home, and do not appear in 
the official returns. 'Ve believe this class to be very large. Probably 
we get a glimpse of it from the census of 1871, which contained 69,- 
000 lunatics, idiots, and imbeciles (and ,ve have good reasons for 
knowing that this return ,vas very far short of tbe truth), yet it ex- 
ceeded the number given by the Lunacy Commissioners in the same 
year by 12,000 ! A large number no doubt lived with their families 
because these could well afford to keep them at home. None would 
be iu receipt of relief, or they would have appeared in the Commis- 
sioners' Report. Another most important qualifying consideration 
remains-the relative numbers of tIle classes o.f society frorn which the 
poor and the well-to-do lunatics are derived. Several years ago the 
Scotch comn1Ïssioners estimated the classes from which private pa- 
tients are derived at only about an eighth of the entire population of 
Scotland; a proportion which would make them at least as relatively 
numerous as the pauper lunatics. No doubt in England the corre- 
sponding class of society is a larger one; but whatever it may be: 
a calculation based upon the relative proportion of different social 
strata in this country would vastly reduce the apparent enormously 
different liability to insanity among the well-to-do and the poorer sec- 
tions of tbe community, although, with this correction, the pauper 
lunatics would still be relati "ely in the majority. 
The disparity between the absolute number of pauper and private 


I \Ve are informed by Dr. Farr that the proportion between the upper and middle 
classes on the one hand, and the lower classes on the other, is as 15 to 85. Calculated 
on this basis, the proportion of private and pauper lunatics to their respective popula- 
tions would be one in 484 for the former, and one in 353 for the latter-a very different 
result from that obtained by the usual method of calculating the ratio of private and 
pauper lunatics to the whole population, viz., one in 3,231, and one in 415. 
VOL. XII.-28 
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patients has greatly increa
ed in recent years. In other words, the 
apparent increase of insanity is mainly marked among those who be- 
come pauper patients. This is certainly in great measure accounted 
for by the disproportionate accumulation of cases in };auper asylums, 
for reasons into ,vhich it is Hot now needful to enter. It assuredly 
does not prove that there has been anything like a corresponding 
growth of insanity among the poor as compared with the rich. 
In any case, however, the illiterate population does yield a very 
serious amount of insanity, and the fact is so patent that it sllows be- 
yond a doubt tbat ignorance is no proof against the inroads of the 
disease. The absence of rational employment of the mental po
'ers 
may lead to debasing habits and to the indulgence in vices especially 
favorable to insanity, less likely to attract a mind occupied ,vith lit- 
erary and scientific pursuits. No doubt mental stagnation is in itself 
bad, but tbe insanity arising out of it is more frequently an indirect 
than a direct result. If a 'Viltshire laborer is more liable to inEanity 
than other peopl
, it may be not merely because his mind is in an un- 
cultivated condition, but rather because his habits,t indirectly favored 
by his ignorance, and the brain he inherited from parents indulging 
in like habits, tend to cause mental derangement. It is conceivable 
that he might have had no more mental cultivation, and yet havp 
been so circumstanced that there ,,"'ould have been very little liability 
to the disease. This distinction is extremely important if ,ve are 
tracing causes,. however true it wòuld remain that ignorance is a 
great evil. A South-Sea islander might be much,more ignorant than 
the Wiltshire laborer, and yet not be so circumstaÌiced that he would 
be likely to transgress the laws of mental health. The ignorance of 
an African tribe and that of a village in Wilts n1ay be associated, the 
one with very little, the other ,vith very much lunacy. 1\lr. Bright's 
" residuum" of a civilized people and a tribe of North American In- 
dians are alike uneducated, but, notwithstanding, present totally dif- . 
ferent conditions of life. "\Ve haye no doubt that in a civilized com- 
munity there will always 1)0 found by far the larger num her of insane 
persons. There are three grand reasons for this. First., because those 
who do become insane, or are idiotic among 
avages, "go to the wall " 
as a general rule; the other reasons are to be discovered in the mixed 
character and influence of European civilization; its action on tho 
one hand in evolving forms of mental life of requisite delicacy aud 
sensibility, easily injured or altogether crusbed -by the rough blasts 
from which they cannot escape in lif
; and on the other hand in pro- 
ducing a state confounded, as we have said, with savagery, but which 
differs widely from it, and is, simply in relation to mental disorders, 
actually worse. Recklessness, drunkenness, poverty, misery, charac- 
I Dr. Thurnam, the late superintendent of the '\Vilts County Asylum, found that the 
proportion of cases caused by drink in this county was very high-in one year (1872) 
amounting to thirty-four per cent. 
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terize the class; and no wonder that from such a source spring the 
hopelessly incurable lunatics who crowd our pauper asylums, to the 
horror of rate-payers, and the surprise of those ,vho cannot understand 
why the natives of 1\fadagascar, though numbering about 5,000,000, 
do not require a single lunatic asylum. \Ve may add that they do 
not destroy the fe\v insane and idiots whicJ1 they have. 
It is constantly forgotten that while there is nothing better than 
true civilization, there is something worse than the condition of cer- 
tain savageR, and that almost anything is better than that stratum of 
civilized society which is squalid, and drunken, and sensual; cursed 
with whatever of evil the ingenuity of civilized man has invented, 
but not blessed with the counteracting advantages of civilization. 
The conclusion, so far from damping the efforts of progress and mod- 
ern developments of science, should stilnulate us to improve the 
n;toral and physical condition of this class, and so lessen the dangers 
to mental disorder among them. The belief that savages are free 
flom some of the insanity-producing causes prevalent in modern civil- 
ized England, is quite consistent \vith the position taken in t}1Ïs arti- 
cle, that education, ample mental occupation, knowledge, and the reg- 
ularly trained exercise of the faculties, exert a highly-beneficial influ- 
ence upon the mind, and thus fortify it against the action of some of 
the causes of insanity. 
The relative liability of manufacturing and agricultural districts 
to mental disease has excited much discussion. This has partly arisen 
from the assumption that the latter may be taken as the representa- 
tives of savages. As we have shown this to be false, the comparison 
between these two districts docs not, from this point of view, possess 
any value. On other grounds, however, it would be very interesting 
to determine whether urban or rural lunacy is most rife. Here, how- 
ever, the worthlessness of mere Rtatistics is singularly evidenced, and 
the difficulty of actually balancing the weight of various qualifying 
circumstances becomes more and more apparent. An agricultural 
county may be found here and there with less lunacy than a manu- 
facturing county, but if a group of counties be taken in which the 
manufacturing element is greatly beyonù the average, and another 
group in which the agricultural element greatly preponderates, we 
find one lunatic to 463 of the county population in the forn1er, and 
one to 388 in the latter, showing an accumulatlon of more insane 
paupers in the agricultural districts. But it is ",ery possible tl)at, if 
we knew how many become insane, the result would be very different 
indeed. This, in fact, has been found to be the case in Scotland, 
where the T...unacy Commissioners have t3ken great !Jains to arrive at 
the real trnth. In a recent report it is shown that while three High- 
land counties have, in proportion to the population, a decided1y 
heavier persistent burden of pauper lunacy than two manufacturing 
counties which are chosen for comparison, the number of lunatics re- 
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celvlng relief-that is, actually con1ing under treatment-is propor- 
tionally larger in the latter than in the former. In other words, the 
proportion of fresh cases of pauper lunacy appearing on the poor-I'oIl 
is higher in urban than rural dißtricts. '1 he comlnissionrrs refer this 
result partly to the greater prevalence of the active and transitory 
forms of mental disorder-cases which before long are discharged- 
and partly to the greater facility of obtaining accommodation in an 
asylum free of charge in a city, from its being at hand; and the 
greater 'wealth of the urban districts offering DO oùstac]e to admis- 
sion. 'fhey attribute the above-mentioned persistent rural lu
acy 
chiefly to the constant migration of the strong from the rural to tl1e 
urba.n districts; the necessary exodus of the physically and mentally 
healthy leaving behind an altogether disproportionate nun1 bel' of con- 
genital idiots, in1beciles, and chronic insane, in the agricultural coun- 
ties. Hence, returning to England, it is quite clear that the mere 
ratio of accumulated pauper lunacy to the county population, which 
is constantly relied upon, proves little or nothing as to the re1ativc 
liability to insanity of the agricultural and manufacturing districts. 
One conclusion only can be safely drawn fron1 such figures, until 
minute investigations have been made into the circumstnnces attend- 
ing rural and urban lunacy in England as has been done in Scotland 
-namely, that while theory is apt to say that a {'ountry life, passed, 
as it seems to be supposed, in pastoral simp1icity, will not admit of 
the entrance of madness into the happy valley, fact says that, what- 
ever may be the ultimate verdict as to the relative proportion of urban 
and rural lunacy , a large an10unt of insanity and idiocy does exist in 
the country districts, and that the dull swain, ,vith clouted shoon, but 
too frequently finds his way into the asylum. 
A glance at tl1e annual reports of our lunat ic asylums reveals tbe 
main occupations of the inmates and the apparent causes of their 
attacks. In a county asylum like Wilts the great majority of pa': 
t
ents are farm-laborers, ,vith their wives and daughters; and next 
in order, domestic servant8 and weavers. The number of farmers, 
or members of their families, is sn1aH. The character of the occupa- 
tions in the population of an asylum like that for the borough of 
Birminghaln of course differs. Here we find mechanics and artisans 
heading the lists, with their wives. Those engaged in domestic occu- 
pation forn1 a large number. Shopkeepers and clerks come next in 
order. In both asylums are to be found a few governesses and teach- 
ers. Innkeepers, themselves the cau
e of so nUIch insnne misery in 
others, figure sparingly in these tables. 
Among the causes, intemperance unn1istakably t3.kes the lead. 
This is one of those facts which, an1id much that is open to difference 
of opinion, would seem to admit of no reasonable doubt. Secondly 
follows domestic trouble, and thirdly poverty. At tbe Birmingham 
Asylum" out of 4'10 admissions in three years, eleven cases were at- 
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tributed to " over-application "-a proportion much lower than that 
observed in private asylums. 
Recently, 1\11'. "\Vhitcon1be, assistant medical officer at the Bir- 
mingham Borough Asylum, has done good service by publishing the 
fact that, during the last twenty-five years, out of 3,800 pauper pa- 
tients admitted into that asylum, 524, or fourteen per cent., had their 
malady induced by drink, and that the total expenditure thus caused 
by intemperance amounted, in maintenance and cost of building, etc., 
to no less than Æ50,373 during that period. 
Some years ago we calculated the percentage of cases caused by 
intemperance in the asylums of England, and found it to be about 
twelve. This proportion would be immensely increased were we to 
add those in ,vhich domestic misery and pecuniary losses owed their 
origin to this vice. Although rate-payers grumble about the building 
of large lunatic asylun1s, it is amazing how meekly they bear with 
the great cause of their burden, and how suicidally they resent any 
attmnpt 1113.de to reduce by legislation the area of this wide-spread 
and costly mischief. 
It is worthy of note that drink produces much less insanity in 
Warwickshire outside Birmingham than in Birmingham itself. 
In connection with this aspect of the question, an interesting fact, 
recorded by Dr. Yel1owlees, when superintendent of the Glamorgan 
County Asylum, may be mentioned: that during a" strike" of nine 
months the male admissions fell to half their former number, the 
female admissions being almost unaffected. "The decrease is doubt- 
lessly mainly due to the fact that there is no money to spend in drink 
and debauchery." High wages, however, would be infinitely better 
than strikes, if the money 'were spent in good food, house-rent, and 
clothin g. 
The diet of the children of factory-operatives in LancaslJÏre points 
to one source of mental degeneration among that class. Dr. Fergus- 
son, of Bolton, gave important evidence not long ago which indicated 
the main cause of their debility and stunted development, whet bel' or 
not they are worse now than they were. lIe does not consider that 
factory-labor in itself operates pr
judicialJy, and reports the mil1s to 
be more healthy to work in now than they were in years past. Tbe 
prime cause producing tbe bad physical condition of the factory-pop- 
ulation is, in his opinion, the intelnperate habits of the factory-work- 
ers. By free indulgence in stimulants and in smoking, tbe parents 
debilitate their own constitutions, and transmit feeble ones to tbeir 
children. Instead of rearing them on milk after tbey are weaned, 
they give them tea or coffee in a morning, and in too many instances 
they feed them upon tea three times a day. In short, they get very 
little milk. 
1\11'. Redgrave, the Senior Inspector of Factories, docs not consider 
that this miserable state of tbings has increased-we hope not-but 
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he admits that more women are employed in the mills than formerly, 
and that this is most disastrous to the training of children. Some 
curious figures have been published, sho,,
ing the weiaht of cbildren 
at various years of age in the factory and agricultur
 districts the 
. . ' 
comparison beIng greatly in favor of the latter. 
Another cau::;e of deterioration mentioned is that at least one-half 
of the boys in the Inills from twelve to twenty years of age either 
smoke or chew tobacco, or do both-a habit most prejudicial to the 
healthy developn1ent of the nervous systenl. It was recently ob- 
served by l\Ir. l\Iundella that the lad who began at eight years of age 
in a mine without education, and who was associated with men \V110Se 
whole ambition was a gallon of beer and a bull-dog, was not likely to 
grow up to be a Christian and a gentleman. \Ve may add lIe woulù 
be very likely to end his days either in a prison or in a pauper asylum. 
It is observed in a recent report of the Royal Edinburgh Asylum that 
" such coal and iron mining counties as Durhan1 and Glamorgan pro- 
d nce, in twice the proportion we do, the most marked and fatal of all 
the brain-diseases caused by excesses." It may be stated that the 
relation between crime and insanity, eSl)ecially weak-nlindedlless, is 
one of the most intimate character, both in regard to the people who 
commit criminal acts and their descendants. Our examination of the 
mental condition of convicts, and of their physiognomy and cerebral 
development, has long convinced us that a large number of this class 
are mentally deficient: sometimes from birth; at other tin1es their 
mental development being arrested by their wretched bringing up. 
From the reports of the English convict-prisons generally, it appears 
that one in every t"Tenty-fi\re of the males is of .weak mind, insane, or 
epileptic, without including. those sufficientlf insane to be removed 
to an asylum. The resident surgeon to the general prison of Scotland 
at Perth (l\Ir. Thompson) gives a proportion of twelre per cent., 
founded upon a prison population of 6,000 prisoners. 
Having reff'rred to the bearing of the habits of one large portio}} 
of the population upon the manufacture of insanity, ,ve pass on to the 
consideration of the relation betwe
n higher grades of modern society 
and mental disorder. It has been observed in institutions into which 
private and pauper patients are admitted, that the moral or psychical 
causes of lunacy are Inore frequently the occasion of the attack \vith 
the former than the latter class. This is not nlways accounted for- 
as might have been expected-by there h:1 ring been less drink-pro- 
duced insanity among tbe ,vell-to-do patients; for in tbe Royal Ed- 
inburgh Asylum, where this disparity strongly comes out, there is 
even a higher percentage of insanity from this cause among the pri- 
vate than the pauper lunatics. The history of the daily mode of life 
of many members of the Stock Exchange would reveal, in the nlatter 
of diet an amount of alcoholic imhihition in the form of morning 
, 
" nips," wine at luncheon, and at dinner, difficult to realize by many 
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of less porous constitutions, and easily explaining the disastrous re- 
sults which in nlany instances follow, sooner or later, as re
rects dis- 
turbances of the nervous system, in one form or other. In fact, by 
the time dinner is due, the stomach is in despair, and its owner finds 
it necessary to goad a lost appetite by strong pickles and spirits, end- 
ing with black coffee and SOlne liqueur. "\Vhen either dyspepsia or 
over-business work is set down as the cause of the insanity of such 
individuals, it should be consiùered 'what influence the amount of 
alcohol imbibed has exerted upon the final catastrophe as well as 
the assigned cause. But ,vhatever Inay be the relative alnount of 
insanity produced an10ng the affluent and the poor, of this there can 
be no doubt, that certain mental causes of lunacy, as over-study and 
business worry, produce more insanity among the upper than. the 
lower classes. "\Ve have examined the statistics of six asylums in 
England for private patients only, and have found this to ùe the case. 
At one such institution, Ticehurst, Sussex, we find, fron1 statistics 
kindly furnitShed us by Dr. N ewington, that out of 266 admissions 
29 were referred. to over-study, and 18 to over-business ,york. On1y 
28 were referred to intemperance. Allowing a liberal margin for the 
tendency of friends to refer the disease to the former rather than tbe 
latter class, the figures remain striking, as pointing to the influence 
of so-called overwork. We say" so-called" because there is an ap- 
parent and fictitious as well as a real overwork. Both, however, 
may tern1Ïnate in nervous disorder. Overwork is often confounded 
with the opposite condition-want of occupation. Civilization and 
mental strain are regarde
 by many as identical, and in consequenc(l 
lnuch confusion is caused in the discussion of the present question. 
It is forgotten that an idle life, leading to hysteria and to actual in- 
sanity, is much more likely to be the product of civilization than of 
savagery or barbarism. This is quite consistent with the other truth, 
that without. civilization we do not see evolved a certain high pressure, 
also injurious to mental health. A London physician, Dr. Wilks, 
when speaking of a COIDJDOn class of caEes, young women lrithout 
either useful occupation or amuselllents, in whom the moral nature 
becomes p
rverted, in addition to the derangement of the bodily 
health, observes that the mother's sympathies too often only foster 
her daughter's morbid proclivities, by insisting on her delicacy and tll(\ 
necessity of various artificial methods for her restoration. It is obvi- 
ous that such a case as this is the very child of a highly-organized 
society, that is, of a high state of civilization, and yet that such a 
young lady is not the victim of high pressure or mental strain in her 
own person, although it is certainly possible that she nUIY inherit a 
susceptible brain from an overworked parent. Jlowever, the remedy 
is work, not rest; occupation, not idleness. "r e certainly do not 
,vant to make her more refined or artificial, but more natural, and to 
occupy herself with Rome really useful work. . A luxurious, idle life is 
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her curse. That insanity itself, as well as mere hysteria, is developed 
by such a mode of existence, we fully believe. The Inind, although 
not uneducated, deteriorates for ,vant of eitber healthy intellectual 
excitement, the occupation of business, or the necessary duties of a 
family. Life must have an aim, although to achieve it there ought 
not to be prolonged worry. 
In the same way there is tbe lady instanced wbo eats no breakfast, 
takes a glass of sherry at eleven o'clock, and drinks tea all the after- 
noon, and who, "when night arrives, has been ready to engage in any 
performance to 'which she may have been invited." Clearly 8he is the 
product of a highly-artificial mode of life, found in the midst of mode;n 
civilization. She is certainly not suffering froln m
ntal strain; at the 
same time she is the outcome of the progress from barbarism and the 
hardy forms of early national life to our present complex social con- 
dition. 'Ve have particularly inquired into cases coming under our 
own observation in regard to the alleged influence of overwork, and 
have found it a most difficult thing to distinguish between it and 
other maleficent agents which, on close observation, ,'{ere often found 
to be associated with it. We do not now refer to the circumstances 
which almost always attach themselves to mental fatigue, as sleep- 
lessness, but to those which bave no necessary relation to tbem, as 
vice. IIere we have felt bound to attribute the attack to both causes, 
certainly as much to the latter as the former. In some cases, on the 
other hand, we could not doubt that long-continued seyere mental 
labor was the efficient cause of derangement. In a large proportion 
of other cases we satisfied ourselves that overwork meant not only 
mental strain, but tbe anxiety and harass wbich arose out of the worI: 
in which a student or literary man was engaged. The overwork 
connected with busines
, also largely associated with anxiety, proved 
a very tangible factor of insanity. Indeed it is always sure to be a 
more tangible factor of mental disease than overwork íì'om study, 
because of the much greater liability to its invasion during the busi- 
ness period of brain-life than the study period. At Bedlam Hospi- 
tal, Dr. Savage finds that there are many cases in which overwork 
causes a breakdown, "especially if associated with worry and money 
troubles." Among the women, the cases are fe\v in number. In one, 
where there was probably hereditary tendency, an examination, fol- 
lowed in two days by an attack of insanity, may be regarded as the 
exciting cause. l\fonotonous work long continued would seenl to 
exert an unfavorable influence on the ]nind. Letter-sorting, short- 
hand writing, and continuous railway-traveling, are instanced. If 
diversified, hard work is much less likely to prove injurious. During 
a year and a half twenty men and eight women were admitted whose 
attacks were attributed to overwork. The employments of architect, 
surveyor, accountant, schoolmaster, policeman, and boot-maker, were 
here represented. Seven were clerks, two of wbom were law-writers; 
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two were students, one being" an Oxford man who had exhausted 
himself in getting a double first, and the other a medical student pre- 
paring for his second college." Of the 'von1en, five ,vere teachers, 
one a school-girl, and two dreRsmakers. Three of the teachers were 
in elementary schools, one a governess and the other a teacher of 
music and languages. If over'work alone did not, strictI}" speaking, 
cause the mental breakdown, still the concomitants must be blamed 
for these melancholy results. 
A late medical officer to I::'ugby School (Dr. Farquharson), in de- 
fending that institution from a charge of injury in the direction of 
which we now speak, considers that instances of mental strain are 
more common at the universities, "for not only are the young men at 
a more sensitive period of life, but they naturally feel that to many 
of them this is the great opportunity-the great crisis of their exist- 
. ence-and that their success or failure will now effectually make or 
mar their career. Here the element of anxiety comes into play, sleep 
is disturbed, exercise neglected, digestion suffers, and the inevitable 
result follows of total collapse, from which recovery is slow and per- 
haps never complete."--(Lancet, January 1, 1876.} lIe thinks he has 
seen an increase of headaches and nervous complaints among poor 
children since compulsory attendance at board schools was adopted, 
and records a warning against too suddenly forcing tbe minds of 
wretchedly-feeble, ill-fed and ill-housed children, and against attempts 
to make bricks too rapidly out of the straw which is placed in our 
hands. 
The psychological mischief done by excessive cramming both in 
son1e schools and at home is sufficiently serious to show that the reck- 
less course pursued in many instances ought to be loudly protested 
against. As we write, four cases come to our kno'wledge of girls se- 
riously injured by this folly and unintentional wickedr.ess. In one, 
the brain is utterly unable to bear the burden put upon it, and the 
pupil is ren10ved from school in a highly-excitable state; in another, 
epileptic fits have followed the host of subjects pressed upon the 
scholar; in the third, the symptoms of brain-fog have become so ob- 
vious that the amount of schooling has been greatly reduced; and, in 
a fourth, fits have been induced and complete prostration of brain has 
followed. These cases are merely illustrations of a class, coming to 
hand in one day, familiar to most physicians. The enormous number 
of subjects which are forced into the curriculum of some schools and 
are required by some professional examinations, confuse and distract 
the mind, and by lowering its healthy tone often unfit it for the world. 
While insanity may not directly result froln this stuffing, and very 
likely will not, exciting causes of mental disorder occurring in later 
life may upset a brain which, had it been subjected to more moderate 
pressure, would have escaped unscathed. Training in its highest 
sense is forgotten in the multiplicity of subjects, originality is stunted 
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and individual thirst for kno\vledge overlaid by a crowd of novel the- 
ories based upon yet un!Jroved statements. 1\11'. Brudenell Carter, in 
his" Influence of Education and training in preventing DLseases of the 
Nervous System," speaks of a large public school in London, from 
which boys of ten to twelve years of age carry home tasks which 
"Tould occupy them till near midnight, and of which the rules and 
laws of study 
re so arranged as to precJude the possibility of suffi- 
cient recreation. The teacher in a high-school says that the host of 
subjects on 'which parents insist upon instruction being given to their 
children is simply preposterous, and disastrous alike to health and 
to real steady progress in necessary branches of kno'wledge. The 
other day we lllet an examiner in tbe street with a roll of papers con- 
sisting of ans\vers to questions. He deplored the fashion of the day; 
the nunlber of subjects crammed within a few years of growing life; 
the character of tbe questions which were frequently asked; and the 
requiring a student to master, at the peril of being rejected, scientific 
theories, and crude speculations, which they "\vould have to unlearn in 
a year or two. lIe sincerely pitied tbe unfortunate students. During 
the last year or t","o the public have been startled by tbe suicides 
\vhich have occurred on the part of young men preparing for exam- 
ination at the University of London; and the press has spoken out 
strongly on tbe subject. Notwithstanding this, the authorities appear 
to be disposed to increase instead of dimiuibh the stringency of some 
of the examinations. The Lancet has recently protested against this 
course in regard to the prelin1Ïnary scientific 1\1. B. of the London 
University, and points out that the average of candidates who fail at 
this exalnination is already about forty per cent., and that these in- 
clude many of the best students. This further raising of the standard 
will, it is maintained, make a serious addition to the labors of tbe in- 
dustrious student who desires the 1\1. D. degree. Whether this par- 
ticular instance is or is not a fair example, we must say, judging from 
others, that it seems to be thought that the cubic capacity of the Brit- 
ish skull undergoes an extraordinary increase every few years, and 
that therefore for our young student A more subjects must be added to 
fill up the additional space. 
The master of a private school informs us that he has proof of the 
in effects of overwork in the fact of boys being 'witlldrawn from the 
keen competition of a public-school career, which was proving inju- 
rious to their health, and sent to him, that they JniglJt in tl1e less am- 
bitious atmosphere of a private school pick up health and strength 
again. He refers to instances of bOY8 'who had been crammed and 
mnch pressed in order that they might enter a certain form or gain a 
desired exhibition, having reached the goal successfully, and tIlen 
stagnated. He says that the too extensive curriculum now de- 
manded ends in the impossibility of doing the work thoroughly 
and well. You must either force unduly or not advance as you 
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would wish to do; tbe former does injury, and the latter causes dis- 
satisfaction. 
Of mental stagnation among the poor we have already spoken; 
an analogous condition among the \\rell-to-do classes, not to be con- 
founded with that of the young lady already described as seen in the 
London physician's consulting-room, deserves a passing observatiop-. 
Excessive activity and excessive dullness may lead to the same dire 
result. Hence both conditions must be recognized as factors in the 
causation of mental disease. We have said that the indirect action 
of the latter it more powerful than its direct action, but there are no 
doubt cases of insanity which arise from the directly injurious influ- 
ence of intellectual inactivity. The intelligence is inert; the range 
of ideas extren1ely limited; the mind broods upon SOlue trivial cir- 
cumstance until it becomes exaggerated into a delusion; the mind 
feeds upon itself, and is 11yper-sensitive and suspicious, or it may be- 
COlne absorbed in sonle morhid religious notions which at last exert a 
paramount influence and induce religions deprefìsion or exaltation. 
From the immediate surroundings of the individual, whether in con- 
nection with parental training or from ecclesiastical or theological 
influences, or perhaps a solitary condition of life, there may be a dan- 
gerously restricted area of psychical activity. Prejudices of various 
kinds hamper the free play of thought; the buoyancy of the ulan's 
nature is destroyed; its elasticity broken; its strength weakened; 
and it is in fine reduced to a state in which it is a prey to almost any 
assertion however monstrous, if placed before it with the solemn sanc- 
tions ,vhich, from education, habit, or predilection, it is accustomed 
to reverence. Fantastic scruples and religious delusions frequently 
spring up in this E:oil. Such persons have been saved froln the evils 
of drunkenness and vice; they have also been sheltered from worry 
and excitement, yet, to the astonisllment of many, they 1)ecome the 
inluates of a lunatic asylum. They have in truth escaped the Sey11a 
of dissipation or drink, only to be shipwrecked on the Cbarybdis of a 
dreary monotony of existence. On this barren rock not a very fe\v 
doubtless perish, and if parents they transmit, to a posterity deserving 
our sincerest pity, mediocre brains or irritably susceptible and unsta- 
ble nerve-tissue. 
On the dangers arising from waves of religious excitement, it 
would be easy to dUate, but we shall content ourselves with remark- 
ing that, if they have been exaggerated by some, they }lave been im- 
properly ignored or denied by others. They are real; and frightful 
is the responsibility of those who, by excited utterances aHd hideous 
caricatures of religion, upset the mental equilibrium of their auditors, 
whet11er men, women, or children. 
One remarkable feature of nlodern life-spiritnalism-llas been 
said to produce an alarming amount of insanity, especially in America. 
It has been recently stated by an English writer tbat nearly 10,000 
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persons have gone insane on tbe subject, and are confined in asylums 
in the United States; but careful inquiry, made in consequence, has 
happily disproved the statement, and we learn that the amount of 
insanity produced from this cause is almost insignificant"':'mucb less 
than that caused by religious excitement. 
Looking broadly at the facts which force themselves upon our at- 
tention, we may say that a study of the relation between modern lif
 
and insanity shows tbat it is of a many-sided and complex character; 
that the rieh and tbe poor, from different causes, though certainly in 
one respect the same cause, labor under a large amount of preventable 
lunacy; that beer and gin, mal-nutrition, a dreary monoton y of toil · 
, , 
Inuscular exhaustion, domestic distress, misery and anxiety, account 
largely, not only for the uumber of the poor who become insane in 
adult life, but who, frorn hereditary predisposition, are born weak- 
minded or actually idiotic; tbat among the middle classes, stress of 
business, excessive competition, failures, and, also in many cases, reck- 
less and intemperate living, occasion the attack; while in t})e upper 
classes intemperance still works 'woe-and under this head must be 
comprised lady and gentlemen dipsomaniacs who are not confined in 
asylums; that 'while multiplicity of subjects of study in youth and 
excessive brain-work in after-life exert a certain amount of injurious 
influence, under-work, luxurious habits, undisciplined wills, desultory 
life, produce a crop of nervous disorders, terminating not unfrequently 
in insanity. In a state of civilization like ours, it must also happen 
that many children of extremely feeble mental as well as bodily con- 
stitutions will be reared ,vho other,vise ,voula have died. These 
either prove to be imbeciles, or they grow up only to fall a prey to 
tbe upsetting influence of the cares and anxieties of the world. A 
considerable number of insane persons bave never been really wbole- 
minded people; there has, it will be found on careful inquiry, been 
always something a little peculiar about them, and w})en their past 
Hfe is interpreted l)y the attack w11Ïch has rendered restraint neces- 
sary, it is seen that there had been a smouldering fire in the constitu- 
tion for a lifetime, though now, for the first time, bursting forth into 
actual conflagration. 
Lastly, modern society comprises a numerous c1ass of persons, 
well-meaning, excitable, and morbidly sensitive. Some of these are 
always on the border.land between sanit.y and insanity, and their 
friends are sometimes tempted to w'ish that they would actually cross 
the line, and save them from constant harass. "Vhen they do, it i!:' 
easier to make al10wauce for them and tbeir vagaries. 
Whatever uncertainty there may attach to some a!:'pects of t11Ïs 
inquiry, unquestionable conclusions have been drawn; and, if these 
only accord with results arrived at from other considerations, tbey 
are valuable as confirming them. IIad there appeared to be among 
the poor and ignorant a striking immunity from attacks of insanity, 
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a strong argument would have been afforded, and would probably 
have been en1ployed, against the extension of education at the present 
day to the working-classes. Nothing, however, in our facts or figures 
supports such an anti-progressive view; and, if the educated classes 
did not sin against their nlental health in so many ,vays, they would 
doubtless compare more favorably than they do, in fact as well as in 
mere figures, with tbe uneducated poor. So again with regard to in- 
temperance, and all that it involves, in spite of the difficulty of dis- 
criminating bet\Veell the many factors which often go to make up the 
sum total of causes of an attack, we have no doubt of tbe large influ- 
ence for mental evil exerted by drink-always admitting that where 
the constitution has no latent tendency to insanity, you Inay do almost 
what you like with it, in this or any other way, without causing this 
particular disease. A man will break down at his ,veak point, be it 
what it Inay. 
Again, the lessons are taught of the importance, not of mere edu- 
cation, but a real training of the feelings; the evil of mental stagna- 
tiolJ, not simply per se, but from the train of sensual degradation in 
one direction, and of gloomy fanaticisln in the other, engendered, and 
the danger of dwelling too long and intently on agitating religious 
q nestions, especially when presented in narro\v and exclusive forms, 
which drive people either to despair or to a perilous exaltation 
of the feelings. To true religious reformers, the physician best ac- 
quainted with the causation of mental disease will award I}is hearti- 
est approval. Only as the high clailns of duty, demanded from man 
by considerations of the dependence of his work in the ,vorId upon 
mental health, of what he owes to his fellow-men, and of what he 
owes to God, are fulfilled as well as acknowledged, will ci vi1ized man 
benefit by his civilization, as regards the prevention of insanity. Un- 
preventable lunacy will still exist, but a great saving win be effected 
for British rate-payers when that which is preventable shall have been 
reduced to a minimum by the widest extension of a thorough but not 
oppressive aud too early commenced education, by the practical ap- 
plication of the ascertained tl'uths of pl1ysiological and medical sci- 
ence, and by the influence of a Christianity, deep in proportion to its 
breadth, which shall really lay hold of life and conduct, and mould 
them in accordance with itself.-l1/acmillan'8 JJIagazine. 
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TilE GROWTII OF THE STEAM-ENGINE.l 
.. 


By PROFESSOR R. H. THURSTON, 
OF THE STEVENS INSTITUTE OF TECHNOLOGY. 


IV. 
STEAM-NA VIGATION. 


72. AMONG the most interesting of the applications of steatp. 
power, to the political economist and to the historian, as well as to 
the engineer, is its use in ship-propulsion. 
In the modern marine engine we find one of the most important 
adaptations of steam machinery and the greatest of all the triumpns 
of the mechanical engineer. 
Altbough, as has been already stated in previous lectures, at- 
tempts had been made, before the beginning of the present century, 
to successful1y eff
ct this application of the power of steam, they did 
not succeed, in any instance, as commercial enterprises, until after 
that date. 
Indeed, it is but a few years ago that the passage across the At- 
lantic was made by sailing-vessels almost exclusively, and that tbe 
dangers, the discomforts, and the irregularities of their tril)S \vere 
most seriou
. 
Now, IJardly a day passes that does not see several large and 
powerful steamers leaving the ports of N ew York and Liverpool to 
make the same voyages; and their passages are made with such regu- 
larity and safety that travelers can anticipate, with confidence, the 
time which win mark the termination of thtir voyage, predicting tbe 
day and almost the hour of t})eir arrh"-al, and can èross with safety 
and comparative comfort, even amid the storms of winter.. 
Yet, all t.hat we to-day see of the extent and the efficiency of 
steam-navigation has been the .work of the present century; and it 
may ,yell excite both our wonòer and onr ndmiration. 
73. Tbe history of this development of the use of steam-po,ver 
il1ustrates, more perfectly than any otber, that process of the growth 
of this invention ,vhich has been already referred to. 'Ve can l]ere 
trace it, step by step, from the earliest and rudest devices up to those 
most recent and most perfect designs, which represent the most suc- 
cessful existing types of the }H
at-engine-whcther considered with 
reference to its design anò construction, or as the highest application 
of known scientific principles-that have yet lJeen founò attainable in 
even the present advanced state of the n1echanic arts. 
74-. This application of the force of steam was very possibly anti- 
1 An abstract of "A History of tbe Growth of the Steam-Engine," to be published 
by D. Appleton & Co. 
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cipated 800 years ago by Roger Bacon, that learned Franciscan monk 
who, in an age of ignorance and intellectual torpor, ,,'rote: 
"I will now mention some wonderful works of art and Nature, in wI1ich 
there is nothing of magic and which magic could not perform. 
"Instruments may be made by which the largest ships, with only one man 
guiding them, will be carried with greater velocity than if they were full of 
sailors," etc. 


For many years before even the first promising effort had been 
made, the minds of the more intelligent had been prepared to appre- 
ciate the invention when it should finally be brought forward, and 
were ready for even greater ,vonders than have yet been accom- 
plished. 
75. The earliest attempt to propel a vessel by steam is claimed, 
by Spanish authorities, as it ha.s been stated, to have been made by 
. Blasco de Garay in the harbor of Barcelona, Spain, in 1543. 
The account seeins somewhat apocryphal, and the experiment, if 
made, certainly led to no useful results. 
76. In an anonymous English pampl11et, published in 1651/ wlJÍch 
is supposed, by Stuart, to have been written by the 
Iarquis of 
Worcester, an indefinite reference to what may probably have been 
the steatn-engine is made, and it is there stated to "be capable of suc- 
cessful application to propelling boats. 
77. In 1690 Papin proposed to use bis piston-engine to drive 
paddle-,vheels to propel vessels; and in 1707 he applied the steam- 
engine, which he had proposed as a pumping-engine, to driving a 
model boat on the Ful da, at Cassel. 
In this trial he probably used the arrangement of which a sketch 


FIG. 44.-PAPIN'S MARINE ENGINE,1707. 


is here shown. IIis pumping-engine forced up water to turn a water- 
wheel, whicb, in turn, was made to drive the paddles, as in Fig. 44. 
1 "Inventions of Engines of Motion, recently brought to Perfection," London, 1651. 
A number of such treatises, vaguely hinting at new motors for propulsion of vessels, ap- 
peared during the sixteenth and seventeenth centuries. 
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An account of his experiment is to be found in nULnuscript jn tLe 
correspondence between Leibnitz and Papin, preserved in the Royal 
Library at IIanover. 
78. Dccember 21, 1736, Jonathan IIulls took out an EiIg1ish patent 
for tbe use of a steam-engine for sbip-propulsion, proposing to employ 
his steamboat in towing. 
In 1737 he published a well-written pamplll"et 1 describing tbis ap- 
paratus: an engraving of which is here shown in fac-simile. 
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FIG. 45.-HuLLS's STEAM TO\\BOAT.lï3í. 


lIe proposed using the 1\ e"wcornen engine, fitted ,vith a counter- 
poise weight, and a system of ropes and grooved wheels, ,vhich, by a 
peculiar ratchet-like action, gave a continuous rotary motion. 
There is no positive evidence that Hulls ever put his scheme to 
the test of experiment, although tradition does say that he nlade a 
model, which he tried with such ill success as to prevent his further 
prosecution of the experiment. Doggerel rhymes are still extant 
which were, it is said, sung by llis neighbors in derision of his folly, 
as they considered it. 
79. 'Villiam Henry, of Chester County, Pennsylvania, is said to 
have constructed a model steamboat in 1763. It was a failure, al- 
though not a discouraging one. 
80. In 1774 the Comte d'Auxiron, a French nobleman, and a gen- 
tleman of some scientific attainments, constructed a stearpbòat, and 
tried it on the Seine, with the aid of 1\1. Perier. 
This experiment proving unsuccessful, 1\1. Perier built another 
boat, which he tried independently in 1775, but was again unsuccess- 
ful, owing principally to the small power of his engine. 
81. In 1778, and again in 1781 or 1782, the French .l\larquis de 
J OUffl'OY, who, in his later experiments, used quite a large vessel, 
succeeded in obtaining such good results as to encourage him to per- 
severe, but, l)oIitical disturbances driving him from his country, his 
labors terminated abruptly. 
1 "A Description and Draught of a Newly-invented :Machine for carrying V eS8els or 
Ships out of or into any Harbor, Port, or River, against 'Yind and Tide, and in a Calm," 
London, 1737. 
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82. About ] 785 John Fitch and James Rumsey, two ingeniouR 
American mechanics, were engaged in experinlents having in view 
the application of steam to navigation. 
83. Rumsey's experiments began in 1774, and in 1786 he suc- 
ceeded in driving a boat at the rate of four miles an hour against the 
current of the Potomac, at Shepardstown, J\laryland. 
Rumsey employed his engine to dri \'e a great pump, which forced 
a stream of water aft, thus propelling the boat forward. 
This same method has been recently tried again by the British 
Admiralty in the Water-,vitch, a gunboat of model'ate size, using a 
centrifugal pump to set in Inotion the propelling stream, and with 
some other modifications which are decided improvements upon RUDI- 
sey's rude arrangements, but which have not done Innch more than 
did his toward the introduction of "hydraulic propulsion," as it is 
.now called. 
Rumsey died of npoplexy while explaining some of his schemes 
before a London society a short time later. 
84. John Fitch was an unfortunate and eccentric, but yery ingen- 
ious, Connecticut mechanic. 
After roalning about until forty years of age, he finally settled on 
the hanks of the Delaware, wbere he built his first steamboat. 
In 1788 he obtained a patent for the application of stealn to navi- 
gation. 
IIis boat is shown in Fig. 46; it 'was sixty feet long and t,venty 
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FIG. 46.-J OHN FITCH, 1788. 


feet wide. The propelling apparatus was a system of paddles, w'hich 
were suspended by the upper ends of their shafts, and moved by a 
series of cranks, one to each, taking hold at the middle, and giving- 
them almost exactly the motion which is inlpartcd to I1Ïs paddle by 
the Indian in his canoe. 
VOL. XII.-29 
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Fig. 47 exhibits a sketch, reëngraved from a French ,york, which 
illustrates at once another of Fitch's steamboats and the Gallic ar- 
tist's idea of the flora on the banks of the Delaware. 
Fitch, while urging the importance and tbe advåntages of l1Ïs 
plan, confidently stated his belief that the ocean would soon be 



"';:
":


' 


; ',. ;' '

"-. I 

 -..,.' ''r'.<j'" '.
. '\.- 
{.J",__

>

_"'" . i,
 \
.: " 
:,1 t "
'
'
 
 >";": 
!t ,I 
. :.f- 
'-..... _ , 
- *' 
, .

 


 
. ." 
 
, ':', -:> 
 't::....(' 
 '"\ 
&îf:.\
 
- : j ,
.",;: ,,:' ,' , ' 
\ I 
'"":_"= . 
, I'. 
".;." .JIT
 ,< 
:.
.
;o
.
 o>.

 
:t
. r . I' i; 


'- 
- 
 
 .;-,' 
 7"-_ 
'
r:-_ I, .
;i

J
,
," ,- .;
 




 -S;O=:,_ 


- "'"' 
- ---=----------- 


FIG. 47.-AN IDEAL SKErCH OF THE 
DELAWARE. 
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FIG. 48.-STEAMBOAT ON DAL8WINTO:i LAKE,liSS. 


crossed by steam-vessels, and that the navigation of the 1\Iississippi 
,vould also become exclusively a steam-navigation. 
Fitch's boat, when tried at Philadelphia, was found capable of 
making eigbt miles an hour. It was laid up in 1792. 
85. In 1788 Patrick J\filler, James Taylor, and 'Villiam Symming- 
ton, attached a steam-engine to a boat ,vith paddle-wheels, which had 
been built by the first-named, and tried it for the first time on Dal- 
swinton Lake, in Dumfriesshire, Scotland. . 
This boat, having attained a speed of five miles an hour, another 
was constructed (Fig. 48), and 
"as tried in 1789. Tlâs vessel w'as 


FIG. 49.-THE CHARLOTTE DUNDAS, 1801. 


driven by an engine of t,velve-horse power, and made seven miles an 
hour. This result, encouraging as it was, led to no further immediate 
action, the funds of the experimenters having failed. 
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86. In 1801, however, Symmington ,vas employed by Lord Dun- 
das to construct a steamboat, with tbe design of substituting steam 
for horse-power on canals. 
After several trials, Symmington, whose experience, with l\Iiller 
and Taylor, had heen of much service in directing bis experiments, 
completed a towboat, of which a sectional view is seen in Fig. 49, 
which he fitted with a stern-paddle wheel and a double-acting crank- 
engine of twenty-two inches diameter of cylinder and four feet stroke. 
This boat attained a speed of six miles an honr; but was laid aside, 
although perféctly successful, in consequence of a fear of injuring the 
banks of the canal by the waves produced by it. 
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ROBERT FULTON. 


The Charlotte Dundas, as this boat was named, was so evidently 
a success that the Duke of Bridgewater ordered eight similar ves- 
sels for his canal; but his death, soon afterward, prevented the order 
being filled. 
87. At this time, several American mechanics were also still work- 
ing at this attractive problem. 
In 1802-'3, Robert Fulton, with our other distinguished country- 
man, l\Ir. Joel Barlow, the patentee of the" Barlow boiler" (Fig. 50), 
in whose family he resided, and Chancellor Livingston, who had at 
that time taken up a temporary residence in Paris, commenced a 
stuall steam boat eighty-six feet long and of eight feet beam. The 
hull was altogether too slight to bear the weigbt of the machinery, 
and, when almost completed, the little craft literally broke in two, 
and sank at her moorings. 



452 THE POPULAR SCIB
.J.'lCE fiIO.J.VTHLY. 


The wreck was IJromptly recovered and rebuilt, and in August, 
1803, the trial-trip was made In presence of a large party of invited 
guests. 
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FIG.50.-\VATER-TL"BE BOILER OF FULTON AND BARLOW, 1';'93. 


88. The experiment ,vas sufficiéntly successful to induce Fulton 
and Livingston to order an engine of l\lessrs. Boulton and Watt, 
directing it to be sent to America, where Livingston soon returned. 
In 1806 Fulton followed, reaching New York in December, and at 
once going to work on the vessel for which the English firm sent tJ)e 
engine, without being informed of its intended use. 
In the spring of 1807 the Clermont (Fig. 51), as the new boat 
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FIG. 51.-THE CLERMONT, 1807. 


was christened, was launched from the ship-yard of Charles Brown, 
on the East River, Kew York. 
In August, the machinery was on board, and in successful opera- 
tion. The hull of this boat was one hundred find thirty-three feet 
long, eighteen feet beam, and seven feet in depth. 
The boat soon afterward made a trip to Albany, making the dis- 
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tance of one hundred and fifty miles in thirty-two bours running time, 
and returning in thirty hours. The sails "rere not used on either 
occaSIon. 
This was the first voyage of considerable length ever made by a 
stealn-vessel, and the Clermont was soon after regularly employed 
as a passenger-boat between the two cities. 
Fulton thouO"h not to be classed with James Watt as an inventor , 
, ö 
is entitled to the great bonor of having been the first to make steam- 
navigation an every-day commercial success, and of having tbus 
made the first application of the steam-engiue to ship-propulsion 
which was not followed by the retirement of the experimenter from 
the field of his labors before success was permanently insured. 
89. The engine of the Clermont (Fig. 52), was of rather pecu- 
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FIG. 52.-ENGINE OF THE CLERMONT, 18C'j'. 


liar form, the engine being coupled to the crank-shaft by a bell-crank, 
and the paddle-wheel shaft being separated froln tlJe crank-shaft, but 
connected with the latter by gearing. The cylinders were twenty- 
four inches in diameter and of four feet stroke. The paddle-wheels 
had buckets four feet long, with a dip of t,vo feet. 
An old drawing made by Fulton's own hand, showing this engine 
as it was iJnproved in 1808, is in the relic-corner of the lecture-room 
of the author at the Stevens Institute of Technology. 
The voyage of this steamer to Albany ,vas attended with some 
ludicrous incidents, which found their counterparts wheneyer subse- 
quently steaIners were for the first time introduced. 
90. 1\lr. Colden, the biographer of Fulton, says that she was de- 
scribed by persons who had seen her passing at night, " as a monster 
moving on the waters, defying wind and tide, and breathing flames 
and smoke." 
This first steamboat used dry pine-wood for fuel, and the flame 
rose to a considerable distance above tbe smoke-pipe, and, when the 
fires were disturbed, mingled slTIoke and sparks rose high in the air. 
" This uncommon light," says Colden, "first attracted the atten- 
tion of the crews of other vessels. Notwithstanding the wind and 
tide were a
erse to its approach, they saw ",
ith astonishment that it 
was rapidly conling toward them, and, when it caIne so near that the 
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noise of the machinery and paddles was beard, the crews (if what 
was said in the newspapers of the time be true), in some instances, 
shrunk beneath their decks from tbe terrific sight, and left their ves- 
sels to go on shore; wbile others prostrated themselves, and besought 
Providence to protect them from the approach of the horrible mon- 
ster which was marching on the tides, and ligbting its path by the 
fires ,vhich it vomited." 
91. Subsequently, Fulton built several steamers and ferr}T-boats, to 
ply about the waters of the States of N ew York and of Connecticut. 
The Clernlont ,vas a boat of but 160 tons burden; the Car. of 
Neptune, built in 1807, was 295 tons; the Paragon, in 1811, measured 
331; the Richmond, 1813, 3'70 tons; and the Fulton, the first built in 
1814-'15, measured 2,475 tons. The latter vessel, whose size was sim- 
ply enormous for that time, ,vas what was then considered an exceed- 
ingly formidable steam-battery, and was built for the United States 
Navy. 
Before the completion of this vessel, Fulton died of disease result- 
ing from exposure, February 24, 1815, and his deatb was mourned as 
a national calamity. 
92. But Fulton had some actiye and enterprising rivals. 
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OLIVER Ev AN8. 


Oliver Evans had, in 1801 or 1802, sent one of his engines, of about 
150 horse-power, to New Orleans, for tbe purpose of using it to propel 
a vessel, owned by !\lessrs. }IcKeever and Valcourt, which was there 
awaiting it. 
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The engine was actually set up in the boat, but at a low stage of 
the river, and no trial could be made until the river should again rise, 
some months later. IIaving no funds to carry them through so long a 
period, E,'ans's agents were induced to remove the engine again, and 
to set it up in a sa w-mil1, where it created great astonishment by its 
extraordinary performance in sawing lumber. 


. . . 


THE l\I.AGNETIO OBSERVATORY .f\.T MADISON, WIS- 
CONSIN. 


ByE. W. D A V I S. 


A VISITOR to the grounds of the State University at lUadison, 
'Visconsin, might perhaps wonder 'what could be the use of 
three sUlall chimneys to be seen standing out of the south side of the 
university hill. On being told that undel' the ground is one of the 
two magnetic observatories of this country, he may be curious to see 
more. If so, he will go on down some distance past the chimneys, 
and, turning into a moderately deep cut, will enter the observatory 
through a" tunnel in the hill-side. 
I-Iaving divested himself of whatever iron be may have about him 
-his keys, his knife, and even his watch-two doors are successively 
thrown open, and he is ushered into a low, vaulted chamber measuring 
seventeen feet square. The darkness, which would be absolute but 
for the faint gleams of light escaping through tl1e close coverings of 
three lamps; the silence, broken only by the ticking of t,vo clocks, or 
the tread upon the pa ved floor; the strange character of the instru- 
ments, which he begins dimly to see-all unite to create a feeling of 
oppression, as though one breathed the air of some sorcerer's den. 
Though the visitor may be interested in what there is to be seen, 
yet, in the short time he is allowed to stay, he can get but an imper- 
fect idea of it all. He win learn, it may be, the names of the several 
instrnments, and gain a slight knowledge of the manner in ,,
hich the 
obseryations are recorded. lIe will be told that the observatory was 
established at J\Iadison in the autumn of 1876 by the United States 
Coast Snrvey; and also, perhaps, that the instruments eUlployed were 
in use at l{ey 'Vest, Florida, and then at \Vashington, D. C., being 
moved from the latter place in order not to be so nearly upon the 
meridian oi a magnetic observatory at Quebec, Canada. If desired, 
the person in charge "yill show him some of the traces, one of these 
being nothing more than the crooked path which a ITIoving spot of 
light, reflected from a mirror attached to either of the magnets, has 
left upon sensitive paper. 
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In order to really profit by his visit, he should have gained, be- 
forehand, SOlne idea of .what is to ùe observed and the manner of ob- 
serving. This infornlation I shall try to give the J'eaders of this 
article; and then proceed ,vith a description of the observatory and 
its equipments. 
The force called terrestrial magnetisnl is subject to variations 
both in intensity and in direction. There are three ways in which a 
varying force of this kind may be llleasured : 
1. It may be resolved into components acting along three axeE:, 
and tbe intensity of these components measured. I am not aware 
that this method has ever been applied to the measurenlent of terres- 
trial magnetism; probably, because one of tbe components .would be 
so small as not .without great difficulty to be directly measured. 
2. 1Ve may measure its intensity along some fixed axis, and its 
angular variation of direction from that axis, in each of two planes 
intersecting the sanle. This method is frequently employed. The 
fixed axis taken is the intersection of the plane of the magnetic merid- 
ian and the plane of the horizon,,, and the angular variations from the 
axis are measured in these planes, the variation in the horizontal plane 
being called the" declination," and that in the plane of the magnetic 
meridian the" dip." 
3. 'Ve may measure the intensity of its components along two 
axes and its angular variation in direction from the plane of those two 
axes. This last is the method in use at the observatory. The axes 
nssumed are horizontal and vertical, and their plane is tbat of the 
magnetic meridian. Angular variations from this plane n1ay be nleas- 
ured in any plane at right angles to it, as the plane of tbe horizon, 
and are, therefore, changes of declination. 
The instruments used for making the measurements are the decli- 
nometer, the bi-filar magnetometer, and the balance magnetometer. 
The declinonleter consists, essentially, of a bar magnet so sus- 
pended as to turn freely in the horizontal })lane. Changes ill the 
position assumed by the bar show changes in declination. 
The Inagnet of the bi.filar magnetometer likewise turns in tbe ver- 
tical plane; but, while the magnet of the declinometer is free to assume 
any position in that plane, the magnet of this instrument is pu11ed by a 
constant force into a position at right angles to the magnetic meridian. 
The maO'net of the balance-maO'netometer , like that of the last two 
ð <'::' 
instruments, is in a position at right angles to the magnetic meridian; 
but, unlike either of the other two, it turns in the vertical plane. 
The only effect of the horizontal force is to press the magnet 
against its bearings, and 'were the magnet sm
pended at its centre of 
gravity, the north-seeking pole ,vould point directly down.ward in 
obedience to the vertical force. In reality, the magnet is so sus- 
pended as to assume a position approximately 110rizontal. The force 
of gravity ren1aining constant, the magnet will not change its posi- 
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tion, except with a variation in the intensity of the vertical component 
of terrestrial magnetisIll. 
In making the observations, care must be taken that the tempera- 
ture be kC}Jt as nearly constant as possible, a magnet losing about one 
ten-thousandth part of its po,ver for each degree Fahrenheit of in- 
crease in temperature; also, that no magnetic bodies are present to 
influence the magnets; that the instrunlcnts be secured frorn all me- 
chanical interference; and that all the adjustrnents be true. 
Let us see how these requirements are met. The observatory has 
been built underground, and Las double ,valls and roof, there being a 
space of two feet between the outside and inside ,valls. A diftèrclltial 
thermometer placed within shows a daily variation in tClllperature of 
but 1 0 01' 2 0 Fallr. In case of artificial heat being required, a brick 
stove has been built, with ,vhich it ,vould be impossible to cause a 
sudden change in temperature. 
The observatory has been placed without the influence of iron 
water or gas pipes, and in its construction and furnishing no iron has 
been employed, all metallic supports, mountings, etc., being of brass, 
copper, or zinc. The reservoirs of the lamps used have to be taken 
outside to be fil1ed, since to bring a so-called tin oil-can within the ob- 
servatory would seriously disturb the instrument. As before men- 
tioned, visitors to the observatory leave outside whatever of iron 
they lllay have about them. An abnormal variation in the movements 
of the magnets at the Key West Observatory is thought to bave been 
caused by the landing of some heavy guns in the vicinity, and their 
subsequent transportation past the observatory. 
Tbe mounting of the instruments upon heavy blocks of stone and 
their close incasement reduce the chance of luechanical interference 
to a minim urn. 
To stil1 further guard against errors of observation, there are 
special adjustments in the several instruments. 
The magnet of the dec1inolneter is suspended hy a skein of one 
hundred fibres of silk, the utmost pain
 being taken to reduce the 
torsion to a minimum. The length of skein is at least three feet, so 
that any residual torsion has th(\ less effect. It seems impossible, 
however, to entirely get rid of this disturbing clement. The recordd 
of the l{ey 'Vest observations show that the torsion of the suspension 
skein changed rapidly during the first five 1110nths after the suspension 
of the magnet, and did not become constant even after six years. 
As variations in temperature do not affect the direction of the line 
of action of the Inagnetic force, no temperature adjustment is required 
for the declinometer. 
The nlagnet of the bi-filar magnetometer is rigidly connected ,vith 
a slnall glass rod of the same lencrth aA the nIno-net. Over the euds 

 
 
of this rod slip two zinc tubes, of such length as to reach within about 
five millimetres of its centr
. .L\.t the inner end of each tube is at- 
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tached one end of a suspension skein, that l)asses over a glass pulley 
three feet above the magnet. The diameter of the pulley is fourteen 
millimetres; it should, however, equal the distance between the ends 
of the suspension skein-ten millimetres. Tbe present l)ulley is to be 
changed for one of that diameter. 
The pulley is turned into such a position that the pull of the sus- 
pension skein brings the magnet approximately at right angles to the 
magnetic meridian. The magnet is in equilibrium under the action 
of three forces: gravity, the pull of the threads, and the horizontal 
component of the earth's magnetism. The first two forces being con- 
stant, the equilibrium is not destroyed save by a variation in thê in- 
tensity of the third force. The changes in the direction of that force 
are never sufficiently great to appreciably alter the position of this 
magnet. The diameter of the pulley being greater than it should be, 
increases the leverage of the pull of the tbreads, and so lessens tbe 
ratio of the variation of the horizontal force to the sum of the oppos- 
ing forces. The delicacy of the instrument is thus slightly impaired. 
On each side of the point of suspension of the magnet is a place for 
a small weight. By weighting the magnet its angular position is 
slightly changed. A comparison of tlJe effect thus produced with tbe 
changes due to variations in the horizontal force gives us a measure 
of that force. It is, in truth, weighing the magnetism. 
Observe what takes place when the instrument is heated. Neither 
the glass pulley nor t.he glass rod would be sensibly affected. rrhe 
magnet, however, would lose some of its power, and consequently be 
less strongly pulled by the horizontal force, 'v hich we wish to meas- 
ure. To counterbalance this loss of magnetic power, the effect of one 
of the opposing forces must be diminished by an equal amount. This 
is effected by the zinc tubes, whose expansion brings the ends of the 
suspension skein nearer together, and thus lessens the pull of tbat 
skein. 
I now come to the most delicate of all the instruments-the balance- 
magnetometer. Attached rigidly to the axis of this instrument, and 
at right angles to the same, is an axis, resting, through the interposi- 
tion of agate knife-edges, upon an agate plate. By changing the 
position of small brass balls that screw upon vertical and horizontal 
arms of this axis, the centre of gravity of the instrument may be ac- 
curately adjusted to any desired position. None of these balls weigh 
over fifty grains, and the distance between two successive threads of 
the screw upon which they 'work is only the hundredth part of an 
inch; yet, if one of those for shifting the centre of gravity horizontal- 
ly be turned through so much as the twentieth part of a revolution, 
thus advancing it tbe two-thousandth of an inch, the instrument will 
be so tilted as never to right itself. This extreme delicacy is attained 
by bringing the centre of gravity of the instrument close up under 
the axis of suspension. To prevent unnecessary wear of the agate 



THE .JIAGNETIG OBSERVATORY .AT JI....IDIS01V. 459 


knife-edges, there is an arrangement for lifting the instrument off of 
its bearings, when not in use. 
The balance-magnetometer requires a delicate temperature adjust- 
ment. For this purpose there is attached to the side of the magnet a 
small tube containing mercury. Such is the position of the tube that 
the shifting of the centre of gravity of the magnetometer, due to the 
expansion or contraction of the mercury, shall just balance the ten- 
dency of the north-seeking pole of the magnet to rise or fall with the 
temperature. Adjusting the tube to its proper position occupied 1\11'. 
Suess for five days. 
The variations of these several instruments are recorded by pho- 
tography, each instrument, with its recording apparatus, conRtituting 
a magnetograph. A cylinder, turned by clock-work, carries the sen- 
sitive paper upon which the record is to be made. .L\ single cylinder, 
with its sensitive paper, suffices for both the declinometer and the bi- 
filar magnetometer, the cylinder turning between the two instruments 
and receiving the two records at its opposite ends. A second and 
vertical cyJinder is required for the balance magnetometer. The 
record of all the instruments is made in the same ,vay. The light 
from a German student-lamp, after passing through a narrow slit, is 
received upon a concave mirror carried by the magnet. The mirror 
throws a thread-like image of the slit upon two cylindrical lenses 
fixed in the case of the recording instrument. By these lenses the line 
of light is shortened to a dot, to be received by the sensitive paper. 
'V ere the spot of light stationary, a straight line would be traced 
upon the sensitive paper, since, by the revolution of the cylinder, the 
paper \vould be carried directly forward from in under the light. 
But, by the nlovement of the magnet, the image of the slit is made to 
travel back and forth along the lenses and a more or less eccentric 
trace left upon the sensitive paper. 
In order that the trace may not go beyond the Iin1its of the paper, 
the nlagnet must be kept from swinging through more than a small 
arc. This is effected, in the bi-filar magnetometer, by the pull of the 
suspension skein acting against the magnetic force. In fact, owing 
to the too great size of the glass pulley, the magnet does not swing 
quite freely enough. 
In the other two instrulnents a special arrangement is adopted. 
8nrrounùing the magnet and forming a closed circuit, is a rectangle 
of four flat copper bars. Any movement of the magnet gives rise to 
a current in the circuit, which tends to pull thfl magnet back again. 
Thus, if the nortl1-seeking pole of the magnet in the declinolneter bp 
deflected toward the east, a current will be generated, running fronl 
south to north along the upper l)ar of the rectangle, and l)ack along 
the lower bar. The current, in turn, acts upon the nlagnet, cl1ecking 
it in its swing tow:lld the east, so that tbe }Japer can receive the 
en tire trace. 
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In addition to the concave mirror, each magnet carries a plane 
mirror to receive the reflection of a scale attached to the back of a 
small telescope. The telescopes are mounted upon the stands of the 
recording instruments, ana for convenience of observation are pro- 
vided with diagonal eye-pieces. On looking into either telescope one 
sees its scale reflected in the plane mirror carried by one of the mag- 
nets. 'Vhen the mirror turns with the swing of the magnet, tbe scale 
appe
rs to tbe observer to traverse tbe mirror's face. At the hegin- 
ning and again at the end of each trace a record is made of the divis- 
ion of the scale then covered by the cross-wires of the telescope. 
J{nowing the times at which each trace was started and stopped, and 
the readings of the scale at those times, it is easy to divide off the paper 
into spaces corresponding to the bours of the day and into other spaces 
at right angles to these corresponding to divisions of the scale. An 
exact record is thus made of all magnetic variations. 
Particular interest attaches to magnetic observations on account 
of the way in which the magnetic state of the earth seems to be influ- 
enced by the position of the sun, and to a slight degree by the posi- 
tion of the moon; also from the connection between auroral display
 
and magnetic variations, curves representing the frequency of either 
agreeing quite closely with curves representing the area of tbe sun 
covered by spots. It is well to remark that tbe curves representing 
magnetic variations and auroras lag about six months behind those 
representing the sun-spot variations. The sun-spot area seems in 
some way to depend npon the position of the planets. Not only is 
the earth's magnetism thus, seemingly at least, influf'nced by the sun- 
spots, but also some of the phenomena of the .weather. These last are, 
of course, in general, n1asked by local disturbances; hut, lately, a very 
remarkable agreement b3S been shown to exist between certain mag- 
netic and ,barometric traces. Investigations into the causes of mag- 
netic variations and the laws under which tbese yariations occur are 
made by officers of the U nitecl States Coast 
urvey; and to the head- 
quarters of this stuvey, at Wasbington, are forwarded, each month, 
the traces obtainecl at 1\1 aclison. 


... 


THE CI-IE
IISTRY OF FRUIT-RIPENING.! 


By ALBERT B. PRESCOTT, 
PROFESSOR OF CHEMISTRY IN THE UNIVERSITY OF MIeHIGAI;'. 


T o form the seed seems to be the chief end of the plant. When 
in the vigor of its own maturity, and when receiving the sun's 
strongest rays and the earth's richest nourishment, the plant gathers 
1 From the forthcoming U Transactions of the :Michi
an Pomologiral Society" for 
18'7'7; furnished by the author for THE POPL'LAR SCIENCE MONTHLY. 
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all its resources, and devotes them to the building of the seed. When 
done, the seed itself, the embryo, commonly possesses little substance 
and serves little use beyond its primary purpose, the reproduction of 
the plant. But in tlte coatings and coverings of the seed we find a 
large and abundant supply of substances, in variety and quantity the 
rarest and richest stock in the vegetable common,vealth. Indeed, the 
wrappings of seed-germs constitute the especial provision for the 
nourishment of the human race. The seeds enveloped with starch 
. 
and alhuminoids, as in the cereal grains, make up " the staff of life" 
for man. Seeds with oily coatings, including the nuts, present a good 
supply of fats for food. The seeds ,vith succulent coverings, the 
fruits, yield a great number of sharply-defined substances, most of 
which claim the approval of luan, and some of which require for their 
due application the best efforts of the human intellect. 'Vithout the 
grains, the fruits, and the nuts, man would be left to browse with the 
ox and prey with the wolf. 
In this ahundant material gathered around the seed-germs, chem- 
istry has achieved more success than elsewhere in the organic world. 
It is well understood that chemists have no reason to boast of ,vhat 
they can do with the products of living cells. In an analysis of vege- 
table or animal products, there is always a percentage, and often a 
large percentage, of unknown matter. It might be named" chemist's 
dirt;" not" matter out of place," but simply" matter unknown." It 
has ,veight, it may have color and consistence, but it responds to no 
inquiries and yields to no suggestions. Like an open polar sea, it 
baffles and invites and baffles again. But, with all due reservation 
for unknown bodies, the condition of organic analysis gives gooù 
ground for encouragelnent. Especially in this material about the 
seed, the analyst finds numerous compounds of clearly definite chemi- 
cal character, nlany of them capable of sure identification and exact 
separation, even when taken in complex mixtures. Working with 
some of theRe compounds, an insight into their ehemical structure has 
been obtained , . so that the chcmist can brin cr tocrether the materials 

 b 
and conditions for their production. In the products of the peach, at 
every autunln's ripening, certain chcmical changes occur in tbe kernel 
under your hand-changes as well known to scicnce and capable of as 
exact quantitative statmuent aR the local changes of tbe planets in the 
solar systenl. Forty-four years ago, Liebig and his fellow-workers 
discovered certain links in those chemical changes, in the products 
of the almond family, and the discovery was an era in chelnical 
science. 
The chemist.ry of the covered seed is of interest not only for the 
quality of the compounds found in it, but, quite as much, for the his- 
tory of these compounds, tlte chemical changes o.f seed and fruit-ripen- 
ing in the plant. These chan
es differ in their general character from 
other changes of plant chernistry, coinciding more nearly 'with the 
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cbanges of animal chemistry. Taking for study the ripening of seeds 
with succulent coverings, the fruits-the proper subject of this article 
-we may undertake to compare fruit-ripening with vegt>table nutri- 
tion on the one band, and with animal nutrition on tbe otber band, as 
follows: 


IN YEGETABLE N1JTRITIO
. 


1. Oxygen is given to the 
air. 
2. Carbonic acid is taken 
from the air. 
3. The service of plant-green 
is required. 
4. Simple compounds are 
changed to those more 
complex. 
5. The expended power of 
the sun is stored. 
6. Heat is absorbed. 
7. The changes represent re- 
ductions and syntheses, 
difficult to the chemist, 
and hindered by atmos- 
pheric conditions. 
8. Opposed to fermentations, 
and to other changes 
classed under the term 
organic decomposition. 


IN FRUIT' RIPE..'iING. 


Oxygen is taken from the 
air. 
Carbonic acid is given to 
the air. 
The service of plant-green 
is dismissed. 
Complex compounds are 
changed to those more 
simple. 
The stored-up power of the 
sun is expended. 
Heat is liberated. 
The ('hanges represent com- 
bustions and dissocia- 
tions, and are mostly 
fayored by atmospheric 
conditions. 
The changes inc1ude a great 
number of distinct fer- 
mentations, some of 
which are spontaneous 
in the air, or occur in 
cooking food. 
9. The important compounds of the vegetable kingdom- 
cel1ulose, starch, sugar, and many acids and other 
products-are common to the fruit and other parts 
of the plant. 


IN ANIMAL NLTRITION. 


Oxygen is taken from the 
air. 
Carbonic acid is gh'en .to thc 
air. 


....................... , 


Complex compounds arc 
changcd to those more 
simple. 
The stored-up power of tl1e 
sun is expended. 
Heat is 1iberated. 
The changes represent com- 
bustions and dissocia- 
tions, such as are fa- 
vored by atmospheric 
conditions. 
Some of the changes are al- 
lied to fermentations, but 
are mostly not liable to 
occur witlÌout the living 
body. 


Only a few animal products 
are found in the yegeta. 
ble kingdom. 


Fruit-ripening, then, coincides with vegetable nutrition in acting 
with tbe same substances, and coincides ,vith animal nutrition in 
moving in the same direction. 
To inquire, now, somewhat in detail, into the more obvious of the 
cbanges which constitute fruit-ripening, we may examine the propor- 
tion and formation of tbe following five classes of FRUIT-PRODUCTS: 
1. Sugars (starcbes). 
2. Pectous substances and gums. 
3. Acids, tannin, and other glucosides. 
4. Ethers. 
5. Alkaloids. 
The analyses of fruits bitherto reported bave mostly been made 
by European chemists. The fullest reports of ripe fruits, upon which 
I aln in good part dependent, were made by Fresenius, from analyses 
under his direction, nearly twenty years ago, and represent the fruits 
of the Rhine district, obtained at Wiesbaden. 
1. SUGARs.-The prevailing sugar in fruits is glucose (dextrose), 
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often termed grape-sugar. It is the same compound that is largely 
manufactured from starch, and called starch-sugar. It is much less 
sweet than cane-sugar, and less abundantly soluble in water, having 
an oily or " Inealy" taste. As made from starch, it is now much used 
in certain candies. 'Vhen in the uncrystallizable form, glucose (lcf/vu- 
lose) is the same as "fruit-sugar," the uncrystallizable product ob- 
tained to some extent in manufacturing cane-sugar, and whiçh forms 
a part of the sirups of the market. l\Iany of the fruits contain cane- 
sugar (,vhich is the same as beet-sugar and Inaple-sugar), and certain 
rare varieties of sugar are found in some fruits. 
Buignet decided that the apple, peach, plum, raspberry, orange) 
and pineapple, contain cane-sugar, with glucose (mostly as lævulose). 
The sugar of the grape, cherry, gooseberry, and fig, consists wholly 
of glucose. 
The average proportion of sugars in ripe fruits is given, by Frese- 
nius, as follows (the smallest percentages being placed first) : 
Peaches, 1.6 per cent. (not varying very widely). 
Apricots, 1.8 per cent. (from 1.1 to 2.7). 
Plums, round red, 2.1 per cent. (from 2.0 to 3.5). 
Greengages, 3.1 per cent. 
Raspberries, 4.0 per cent. (from 3.0 to 5.0). 
Blackberries, 4.4 per cent. 
Strawberries, 5.7 per cent. (fronl 3.2 to 7.0). 
Currants, 6.1 per cent. (from 4.8 to 6.6). 
Gooseberries, 7.1 per cent. (from 6.0 to 8.2). 
Pears, red, 7.4 per cent. 
Apples, 8.4 per cent. (from 5.9 to 10.4). 
Cherries, 9.8 per cent. (from 8.5 to 13.1). 
[Summer peaches, 11.6 per cent. Berard's analysis.] 
Grapes, 14.9 per cent. (from 13 to 19). 
It is seen from this list that the sweetness of fruit has but sligllt 
correspondence with its proportion of sugar. Currants were found 
to have more sugar than raspberries, blackberries, or strawberries, 
and over three times as much as the peaches examined by Fresenius. 
All analysts agree in the predominance of grapes for their quantity 
of sugar. The S"Teetness of fruit is probably favored less by large 
proportions of sugar tllan b)9 three other conditions, namely: 1. Small 
proportions of acids; 2. Large proportions of pectous substances; 3. 
Presence or"" cane-sugar instead of grape-sugar. 
The sugar of fruits is chiefl!! formed 01. deposited in then", during 
their ripening. Berard found that the pulp of cherries, unripe, con- 
tained only 1.1 per cent. of sugar; ripe, 18.1 per cent.; gooseberries, 
unripe, 0.5 per cent.; ripe, 6.02 per cent. In 1862 IIilger determined 
the sugar of grapes, at ten periods during their gro'wth and ripening, 
as follows (Landw. Versuchsstat, xvii., 245; Journal of the OhenÛcal 
Society, xxviii., 281) : 
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AUSTRIAN. RIESLING. 
1. J u n e 27th. . . .. . . . . . . . . . . . .. . . .. . . " . . . 1.37 per cent. 1.01 per cent. 
2. A ugu s t 16 th. . . . . . . .. . . . . . . . . . . . .. . . . . . 1.i$3 u u 1.23 u " 
i$. August 2 2d. . . . . . . . . . . . . . . . . . .. . . . . . . . 2.18 " ., 1.81 " " 
4. Augu
t 2
th. . . .. . . .. . . " . . . . . . .. . . . . . . 4.25 " " 2.39 " u 
ð. September 1st.. . . . . . . . . . . . . . . . . . . . . . . . . 2.53 " " 2.58 " " 
Ö. 
eptember 1 
th. . . .. . . . . . . .. . . " . . . . . . 4.4g " " 2.89 " " 
7. September' 17th. . . .. . . .. . . . . . . . . . . . . . . . 5.3a " " 3.87 " " 
8. Heptember 23d. . . .. . . . . . . . . . . . . . .. . . . . . 7.71 " " 7.70 " ,,' 

I. October 10th.. . . " . . . . . . . . . . . . .. . . . . . . ., 
.90 " " 8.64 " " 
10. K oyember 10t11.. . . . . . . .. . . . . . . . . . . .. . . . 9.90 " " I 
.21 " " 


',""hether the s
t[!ar of fruits is furnwd \vithin them, or introduced 
through the stem, and, if turmed in the fruits, froJn what substance 
formed, are questions which have been investigated, but net whoHy 
settled. It has been pretty generally held tbat starch in the unripe 
fruits is converted into sugar in the ripe fruits; the fruit acids induc- 
ing the change, as we know they have power to do. But st.arch is 
not found in the unripe stage of all fruits, and, in the cases where 
found, its quantity is sometimes too small to serve as the source of all 
the sugar of the ripened fruit. In the investigation of Hílger, above 
quoted, the immature fruit 'yas at no time found by lllicroscopic ex- 
amination to contain starch. It appeared in tIle fruit-stalks in June; 
after August it almost wholly disappeared from the fruit-stalks, and 
was found only in the wood of the vines. Payen (Comptes Rendus, 
Iiii., 313) reported that he had demonstrated the presence of starch in 
unripe fruits and its conversion to sugar during ripening; but did not 
ascertain how much of the sugar of fruits is formed in this way. 
It has heen advanced that sugar is formed fron
 malic and otlle]" 
acids, during ripening, either in the fruit or in the parts of the plant 
supplying juices to the fl'uito Six lnolecules of malic acid and six 
molecules of tartaric acid, with nine molecules (eighteen atoms) of 
oxygen, would furnish the atoms for formation of four molecules of 
glucose, twel \re molecules of water, and twenty-four lllolecules of car- 
bonic anhydride. 1\lercadante (Gazetta ChÙnica Italiana, cx
v. ; Jour- 
nalof the ChenÛcal Society, xxviii. [187'5], 904) made a series of de- 
ternlinations of the malic acid and sngar in plums, commencing l\Iay 
20th. The quantities of both acid and sugar inereased in the fruit so 
long as it 'vas green and emitting oxygen in the daylight; the 
branches which bore the fruit containing acid and pectous substances 
but no sugar. During the same time, the pectous and gummy sub- 
stances in the green fruit had decreased from six per cent. of the pulp 
to three per cent. of the pulp. Tl]e investigator believed the sugar 
of the green fruit to have been chiefly formed, in the fruit, from the 
pectous and gummy substances, under contact of the acids. As soon 
as the fruit, losing green color, began to emit carbonic acid in the 
daylight, the acid in it be
an steadily to decrease as the sugar in- 
creased. The increase of sugar at expense of the acid in the pulp of 
plums is shown as follows: 
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SUGAR. \ 
16.52 \ 
16.64 
16.78 
17.U3 
17.;58 


MALIC ACID. 


June 20th. . . ... . . . . . . . . . . . . . . . . . . .. . .. ... 
June 24th.. . . . . . . . . . . . . . . .. .............. 
June 30th. .............................. 
J ul v 4 th. . . . . . . . . . . . . . . . . . . .. . . . . . .. . . . . . . 
J u] y 12 th . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . 


2.76 (per cent. in pulp). 
2.46 " " 
2.16 " " 
1.57 " " 
0.82 " " 


The areen plums contain tannin, which commenced to diminish as 
ö _ 
soon as the fruit began to emit carbonic acid in the daylight, whoHy 
disappearing by June 20th, the date at which the malic acid began to 
diminish. It is well known to everyone that many green fruits are 
very astringent, and that their tannin decreases and sometimes dis- 
appears during ripening. Also, it is a familiar fact in the chemistry 
of tannin that it readi]y undergoes changes producing sugar. This, 
then, is the source of a portion of the sugar of many fruits. The 
formation of sugar fro In tannin will be discussed under tbe head of 
'- 
tbe glucosides of fruits. 
Several cbemists have reported the presence of sugar-producing 
substances peculiar to fruits. Buignet deHcribes a fruit constituent, 
astringent 1ike tannin, and combining with iodine like starch, and 
serving as the source of sugar. 
The proportion of cane-sugar, in most fruits, is generally be1ieved 
to dhninish by transforlllation into glucose, as fruits become fully 
ripe or overripe. But Berthelot and Buignet (Comptes Rendus, Ii., 
1094) fou
d that, in oranges, the proportion of cane-sugar increased 
during ripening, the quantity of glucose relnaining unchanged. 
The increase o.f 
veight of fruits, during ripening, is no doubt 
largely owing to deposition of sugar. Berard found that 100 parts 
of unripe summer peaches yielcled 179 parts of ripe fruit, and 100 
parts of unripe apricots increased in ripening to 200 parts. 
The n
atllr.ity of fruit is the period of its maximum quantity of 
sngar. Soon
r or later, the quant.ity of sugar begins to dhninisll, and 
then the fruit is overripe. It is safe to say that the sugar often 
begins to decompose during the ]ife of the fruit; that is to say, fruit 
becomes overripe during its life. It ,vou]d he difficult, however, to 
fix on the termination of the life of fruit. \Ve certainly cannot 83Y 
that life ceases when the circnlation ",..ith the plant is cut off; and we 
cannot say that life continues in the sarcocarp unti1 it is ,,
holly dis- 
integrated. N ow it is within the limits of our subject to inquire by 
'what changes the sugar begins to disappertr. 
In general terms, sugar suffers oxidation in ripe fruits, slnall por- 
tions being oxidized away even during the production of larger por- 
tions, and before perfect nlaturity. 'Ve do not know ,vhat fruit con- 
stituents, if any, result in this oxidat.ion. Tht? .final products of oxi- 
dation, carbonic acid and water, are exhaled during ripening, and 
I with greater rapidity after maturity has been passed. 
It seems to be established that sugar in fruits is liable to traces of 
VOL. XII.-30 
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the alcoholic fern
entation, even before nlaturity is passed. H. Gut- 
zeit (Zeitscher Oest. Ap. Ver., 1875, p. 337; Pro. Aln. Pharo A8S0., 
1876, p. 287) reports finding alcohol, or other simple compound of 
ethyl, in the fruits of a number of plants. Some of the fruits were 
not quite ripe, and none were overripe. De Luca ((}ornptes Rendus, 
lxxxiii., 512; Jour. Che'rn. Soc., 1876, ii., 649) reports obtaining prod- 
ucts of the alcoholic and acetic fernlentations from the fresh fruits, 
leaves, and flowers, of several plants. In all these cases the quantities 
of alcohol obtained were very minute. The investigator first above 
named found methyl-alcohol, in some cases, with the ethyl-alcohol. 
Pasteur states that the germs which excite alcoholic fermentatio
 are 
very abundant on the bunches of ripe grapes, where very rare in the 
atmosphere. Also, that the fermentive germs are found on ripe straw- 
berries, cherries, and currants, but not on the same fruits unripe. The 
formation of methyl-alcohol, above referred to, is closely allied to the 
formation of methyl-salicylate or wintergreen-oil. A number of the 
essential or volatile oils, with which plants and fruits are perfumed 
and flavored, contain alcohol radicals in union as compound ethers. 
It is probabl
, from every point of yiew, that the slight occurrence of 
the yinous fermentation in fruits belongs to an important class of 
chemical formations, by means of which a multitude of odor-giving 
substances are scattered throughout vegetation. We slJall inquire 
more carefully into the fruit-flavor compounds and their fornlation 
further on. 
2. THE PECTOUS SUBSTANcEs.-These are, in general terms, the 
constituents of plant-jelly. As vegetable products, they correspond 
to the varieties of gelatine obtained frOJn animal tissues. Unlike 
gelatine, however, they are non-nitrogenous. They are found in the 
soft parts of plants generally, as in the tuber of the potato and the 
root of the carrot; but it is in fruits that they have most in1 POI"- 
tance for edible value. The immediate origin of the pectous sub- 
stances is pretty well kno"wn, being due to a specific fermentation, a 
pronlinent feature in fruit-ripening. The material from which all the 
pectous substances proceed is the fermentable body called pectose, an 
insoluble, tasteless suhstanee, found abundant1y in unripe fruits, also 
to some extent in immature roots and tubers, and haying no n10re 
value for food than cellulose. N 0\'"", there is formed along \vith this 
substance a" ferment," as it is called, a body which by contact in- 
duces a specific fermentation-a definite chemical change. Pectase ig 
the name of the ferment. Just as, in the germinating seed, 
tarch, 
by contact with diastas
, suHers fermentation with production of 
sugar, and as, in hruised and wetted mustard-seeds, sinigrin, by con- 
tact with myrosin, splits up into pungent oil of mustard Hnd sugar, 
etc., so the crude pectose of green fruits, by contact of their pectase 
at the time of ripening, changes to the edihle plant-jellies or pectous 
substances. J
ong boiling 1vith ,yater alone effects the same change. 
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Why this fermentation occurs just at the ripening-time, and not 
earlier or later, we do not precisely know. It may be that the pec- 
tose has just then become capable of fermentation, or the pectase then 
acquires potency for its office, or then, and not before, are other con- 
ditions of the change estab1ished. vVe kno,v only that the fermenta- 
tion gives us the befort1-mentioned pectous substances, w hicb, more- 
over, succeed each other, during ripening, by repeated changes. It 
must be confessed that these products have been but imperfectly de- 
fined, but as a class their chief properties are known. They are given 
by chemists as follows (distinctions having value only in analysis be- 
ing omitted) : 
Pectine: readily soluble in hot or cold water, gelatinizing when concen- 
trated, and more perfectly by addition of sugar; changed by very long boiling 
to parapectine. 
Pecti
 add: gelatinous, insoluable in cold water, and but slightly soluble in 
hot water; hardened in jelly by solution of sugar, slowly changed by boiling 
to parapeptic acid, and afterward to metapeptic acid. Pectine and pectic acid 
result from long boiling of the crude pectose. 
Parapectine: soluble in water, capable of gelatinizing slightly, changed by 
boiling to Inetapectine. 
Parapeptic acid: soluble in water, the solution changing into one of meta- 
peptic acid. Not gel3:tinous. 
Metapectine: soluble in water, not gelatinous. (Found in overripe fruits.) 
Metapectic acid: soluhle in water, incapable of gelatinizing. (Found in 
overripe fruits; produced by fermentation in overripening from all the other 
pectous substances. Also produced, from most of the other pectous substances, 

y long boiling, much more readily if ficids fire present.) 


.Alkalies change pectine and parapectine and metnpectine to salts 
'Of pectic acid. 
The properties of the separated pectous compounds represent cer- 
ta.in well-known characteristics of fruits, as these are found in cooking. 
1\Ioist heat, as in any mode of cooking, produces upon these sub- 
tStances the chief results 'Of ripèning, and, if continued long enougn, 
the results of overripenìng. Unripe fruits are made more edible and 
wholesome by cooking, owing to its artificial (imperfect) ripening of 
pectose. FJ"uit-jellies -owe their substance to pectic acid, pectine, 
and slightly to parape-ctine, the products of early maturity, with the 
coüperatioll of sugar. For jellies, it is wen kno,,"n, the u"û of over- 
ripe fruits must òe avoided, and too long l)oiling in the preparation 
must be avoided. If the fruit be undcrripe, the juice should be 
lJOiled mnch longer tl)an if tIle fruit òe fully ripe, anel if the fruit he 
overripe, boì1ìng should ùe maintained no longer than necessary to 
clarify, and standing in hot solution should be avoided. Grapes bear 
full ripening for jellies. 
The following statement.s of the qÚantities of pecto

3 s'llbstances 
ncl o.f pectose are compiled from the reports of FresenÌns. It 
hould 
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be mentioned that Fresenius found widely-different quantities in the 
different varieties of the same fruit, and the a-verage here drawn from 
the varieties of each fruit would greatly vary from an average ob- 
tained from other varieties of the same. The percentage in the fresh 
fruit is first given, and then percentage of solids, or strictly dry fruit, 
as obtained by calculation from tbe percentage of water: 


PECTOUB SUBSTANCES PECTOSE (INSOLUBLE). 
(SOLUBLE). 
Of Fresh Fr't. Of Solids. Fresh Fruit. Solids. 
Per cent. Per cent.. Per cent. Per cent.. 
Peaches-mean of two varieties.. . . ... . 8.45 42.25 0,85 4.25 
Apples-mean of four arieties. . . . . . . . 5.85 34.41 1.23 6.59 
Pears-mean of two varieties. . . . . . . . . 3.84 22.58 0.97 5.70 
Raspberries-mean of three varieties. . 1.42 10.]4 0.24 1.71 
Gooseberries-mean of six varieties. . . . 1.17 8.36 0.65 4.64 
Cherries-mean of three varieties... . . . 1.59 7.23 0.78 3.54 
Grapes-mean of two varieties........ 0.36 2.00 0.84 4.66 
Currants--mean of six varieties.... . . . 0.17 1.13 0.84 5.66 
Strawberries-mean of three varieties. . 0.10 0.79 0.50 3.85 


As food-7naterials, the pectous suùstances seem to be wellnigh 
indispensable to the health of man. They are not very nutritious; 
it is not known that they are fully digested into material which can 
be appropriated; and, being non-nitrogenous, they could scarcely 
yield tissu
-building matter. 'Vhat seryice they perform is not 
ëlearly understood. They may supply liquids important in digestion 
or assimílation. We obtain them in acidulous fruits, and in starehy 
tubers, and it is not clear ho,v much of the value of each of these 
sorts of food is due to their pectous constituents; but, when all 
food containing pectine is cut off, the scurvy is liable to ensue, and 
then any food supplying pectine will serve as a remedy. At tIle 
same time it is found tbat pectous food is needed only in small quan- 
tities; large })roportions proving not only innutritious but injurious,. 
causing derangements of digestion and excretion. 
3. ACIDs.-The principal fruit-acids, not astringent, are the follow- 
ing, given in the order of their importance: 
Malic acid : Very widely distributed; predominating in apples, pears, cher- 
ries, gooseberries, strawberries, raspberries, and mountain-ash berries. Not 
extracted for TIse. 
Oitric acid: Fonnd in lemons, oranges, tomatoes, currants, gooseherries, 
raspberries, strawberries, and a large number of other fruits, generally with 
malic and tartaric acids. Obtained from lemons for use. 
Tartaric acid: Also widely distributed in most fruits not forming the chiet"' 
acid, but constituting tIle acid of the grape. Manufactured from the deposit of 
fermenting grape-juice; used in baking-powders and in its salts, cream-of-tar- 
tar, and RocheUe salt. 
Oxalic acid is sometimes found in small proportions in a few 
fruits. Reports vary as to its existence in the tomato. 
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Fresenius's analyses give the foHowing as the <-Lyerage proportions 
of total acid, retluced to equivalent of malic acid: 
Currant. . . . . . . . . , . . . . . ., . . . . .. .................'.. .... 2.04 per cent. 
Raspberry. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .. . . ... 1.48 
Stra \V berry. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . ., . . ., . . .. . .. 1.31 
Sour cherry. . . . . . . . . .. .................................. 1.2l:) 
Apple. . . .. ........................ ................... u.7:> 
Grape. . . . . . . . . .. . . . . . . . . . . . ..... . . . .,. . . .. . . .. . . . . . .. 0.74 
Peach. . . . . . . . . . . .. . . . . . . . . . . . . . . ." . . ., . . .. . . .. . . . . . . . .. 0.67 
Reù pear. . . .. . .. ..... _ . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. 0.07 


, , " 
" " 
" " . 
" " 
.. " 
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The quantity of acids in fruits usually dinlÙÛslies during ripening. 
The diminution is not, howe\Ter, nearly so great as it appears to tIle 
taste, because the acid of ripe fruits is masked to the taste by the 
larger proportions of sugar and the pectous substances then present. 
The removal of acids is chiefly due to oxidation. It is not found that 
acids are neutralized, to any considerable extent, during ripening, by 
alkalies conveyet1 through the steIn. The diminution of the acid in 
llums was shown definitely by the series of analyses before given 
from l\Iercadaute. It is stated that the acids continue to oxidize 
away, after the sugar has reached its maximum and before it begins 
to diluinish. IIence, perf
ct ripeness in fruit has been defined as that 
period during the ]naximum quantity of sugar ""hen the quantity of 
aciù is least. This ""ill be, of course, just before the sngar begins to 
diminish. 
It has been stated that both citric and n1alic acids are often found 
in unripe grapes, and are substituted "!:Iy tartaric acid during the 
ripening. Oxalic acid is more often found in unripe than in ripe 
fruits. It is to be desired that closer detern1Ïnations should be made 
as to the presence and proportion of oxalic acid in tomatoes and 
some other fruits. Any article of food containing oxa]ic acid (as the 
garden pie-plant) shonld probably be eaten with moderation, if at all. 
A misapprehension sOl11etimes occurs, from lack of reflection, as to 
the effect of slIgar on the acidity of fruits. Sugar has no chemical 
effect upon acids. Its very sweet taste In asks or overpowers to the 
sense the sour taste of free acids; but the a('ids remain free, all the 
Salnc. 'Vhatever effect the sngar eaten with fruits has on digestion 
and nutrition is due to the suo-ar itself. not to anv chano'e of the 
b , .::-' 
acids by the sugar, for there is no such change. Indeecl, sugar ap- 
proaches to the nature of an acid, though properly classed as a Ill'U- 
tr30l Lo(l y. 
The varieties of tannic acids clas
ed tocre.ther as TA:XNIN are q uite 
. 0 
unhke the fruit acids above mentioned, hoth in sensihle properties and 
ill chen1Ìcal relations. Only a few of the ripe eòible fruits contain 
astringent aeids, though these are found in many unripe fruits and in 
numerous ripe fruits not used for food. l\lost varieties of colored 
grapes contain a little tannin, deposited mostly in the skins a.nd 
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seeds, :1nd Î1nparting a slight astringency to the juice, retained after 
ferlnentation. In the red wines from 0.08 to 0.2 per cent. of tannin is 
found. 'rhe decompo
ition of tannin, hy a ferlnentation producing 
sugar, lIas been mentioned under the head of sugars. Tannin is also 
liable to oxidation with various products not including sugar. 
The vegetable kingùolll furnislJes nlunerons cOlnpounds, known as 
GLUCOSIDES, which are capable of definite and dbtinetive fermenta- 
tion;:;, one of the fernlentation-products in each ill
tance being sugar. 
A number of these glncosides are found in fruits. One of the nlost 
ilnportant of these is a'ìnygdalill, a glucoside found in the fruits, 
lea ves, etc., of plants of the ahnond fan1Îly, especially in the kerne'ls 
of the bitter-àhnond, peach, and cherry, the leaves of the cherry-lau- 
rel, and the hark of the ,vild-cherry. 
,A__}uygdrtlin, 'when oLtaillcd pure, is a white, odorless solid, ,dth a 
taste both sweet and bitter. Taken alone it is not })oisonous, eyen in 
con5ider
ble quantities. TIut if n1Îxed with a substance named enlul- 
sin, ana wetted, :llnygdalin begins at once to break up, ,,,ith forlna- 
tion of three other compounds, as folIows: 
Amygùalin, 457 parts (by contact witL { 
. Bitter-alnlond oil, 106 parts. 
emulsin and coüperation with wa- -. Hydrocyanic acid (or "prussic 
ter), produces: acid "), 27 parts. 
3. Glucose, 3GO parb. 


In the plant, amygdalin is accompanied with the emulsin needful 
for its fernlelltation. During the ripening of the fruit, and in the 
maturity of the leaves and other parts, the amygdalin is constantly, 
though slowly, being transformed into the three products above 
namerl. The bitter-ahnoud oil and })ydrocyanic acid are volatile and 
-odorous, and give the pleasaut odor of peach-kernels, alnlonds
 etc., 
f:uniJiar to everyone. The rapidity of the chenlÎcal change is chiefly 
governeù by the proportion of llloisture, being greatly accelerated by 
,vetting th
 bruispd kernels or lea Yes, and 
topped altogether by 
drying, wlJile the nloisturc: of the liying plant )J('rn1Îts only a gradual 
rate of t he tran
fol'lnation. One of t he products of this change is 
])OifiOllOns, the weJI-kno"rll hy(lrocY:111ic acid, or In'u
sic acid, one- 
tenth of a O"rain of which ifi a full nledicinal dose. The bitter-ahnond 
o 
oil (known to chcmi
ts as benzoic aldehyde, find easily oxidized to 
benzoic acid) is not in the least poisonous (when separated from tbe 
hydrocyanic aci(l). It win be seen from the nUlllbers of part::, result- 
ing fronl the change (:1S given above) tlutt one part of hydrocyanic 
acid and four of bitter-ahllond oil are produced by sixteen parts of 
})lue :111lygdalin. The alllyg(lalin of the shops, in Europe, ,,
here it is 
some,vhat used to generate hydrocyauic acid in nledicine, yields from 
-:,"0 to 2
 of its weight of hydrocyanic acid. In exposure to the air, 
the hydrocyanic acid, being very volatile, is quickly dissipated, while 
the bitter-almond oil vaporizes TIl0re slo-w1y. In 1110st fruits of the 
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almond fanlily the amygdalin and its products are obtained chiefly 
or only from the kernel, hence the well-known flavoring effect of 
leaving in the stones, or a few cracked stones, in canned fruits. SOlne 
of these fruits, however, have tbe amygdalin deposited in the 8arco- 
carp (or edible portion). This is stated to be the case with black 
cherries. 
The alJnond;/lavor is a very grateful acco1l1paniment of fruits and 
flowers, and it is provided by Nature in f:;afe and wholesome propor- 
tions, but it has been so tampered with by the art of man that its use 
is now beset with dangers of several sorts. In the first place, there 
is the danger in concentrating what the Creator has diluted. The 
oxygen of the air itself is poisonous when concentrated. Bungling 
art is almost sure to " o'erstep the rnodesty of Nature" by using good 
things in hurtful excess. The essential oil of bitter-almonds extracted 
from cherry-laurel leaves, or from bitter-almond kernels, is liable to 
retain a poisonous proportion of the hydrocyanic acid, aHd its use in 
flavoring extracts, for pastry, etc., has now aud then produced illness 
and even fatal results, more frequently ,vith children. If nlade free 
from hydrocyanic acid, as the manufacturers should do, the essential 
oil is harmless in any quantity, and the essences, extracts, ,vaters, etc., 
made from it can be used with entire safety. If long exposed to the 
air, the oil deposits a slight sediment of benzoic acid, which is harm- 
less. The danger in the use of bitter-almond oil from the amygdaJine 
of plants lies in possible neglect of removing the hydrocyanic acid. 
Then, in the next place, there is another substance which has the same 
odor as bitter-almond oil, viz., a substance named fnitrobenzine and 
sometimes designated" oil of mirbane," a body which is in itself very 
poisonous, either when taken into the stolnach or inhaled into the 
lungs. It it is a very cheap substitute for actual bitter.alnlond oil, 
which it resembles only in the odor. It has heen manufactured for 
twenty years, from coal-tar, great quantities of it being used in 
making aniline dyes. It is froln this article that many cheap grades 
of soap have been saturated with the smell of almond, of late years, 
quite to the discredit of the flavor. Unscrupulous manufacturers have 
used it in confectionery, and the danger of its substitution in culinary 
extracts besets the public, who cannot employ analysts for the exami- 
nation of every manufactured article purchased for the kitchen. But 
if chemical art furnished a temptation for the improper substitution 
of nitrobenzine, it has lately compensated for it by discovering tbe 
manufacture of actual bitter-almond oil itself a P ure article at once 
, , 
real and artificial, and by means so cheap that they are likely to re- 
move tbe temptation to use nitrobenzine. German samples of this new 
product were on exhibition at the Centennial last summer. 
4. FLAVORING ETHERs.-:\Ian y other odor-aivina constituents be- 
. ð ð , 
sIdes that of the ahnond, are suùjects of chemical manufacture. For 
example, oil of wintergreen (found in the berry and other parts) is 
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,veIl known to be chiefly salicylate of methyl, readily prepared from 
salicylic acid and wood-alcohol; and tbe oil or essence of pineapple 
is precisely hutyric ether, manufactured largely from ,vaste material
. 
Acetate of amyl and valerate of alnyl are sup}Josed to repr
sent dIe 
'tlav'or of the apple and tbe pear, ùut ho,v accurately they coinciùe 
with the actual flavor-suh
tances of these fruits has not been demon- 
ßtrated. Formate of ethyl, another compound ether, is used in 80- 
called peach-essence. Numerous fruit-flavors, used for culinary ex- 
tracts and largely for soda-fountain sirups, are rnanufacturec1 as 
Il1ixtures of ethers, by recipes varying with different manufactur
r
. 
l\Iany of these, resting on no due authority, are unwholesome mixt- 
ures, often spurious iInitations of the true fruit-flavors, and again 
hurtful by reason of excessive proportions. As to the cllemistry of 
the production of flavoring ethers in plants, some guesses were pre- 
sented under the head of sugar fermentation. 
5. ALKALOIDS.-Substances strongly affecting the nervous syste,n, 
as Inedicines or poisons, of course do not occur in the edible fruits, 
anò we are not in the habit of pJacing potent compounds among the 
constituents of fruits as a class; nevertheless, ,,'hen we tlJÏnk of it, no 
small proportion of the Lanes and antidotes of the vcgetable kingdonl 
is matured in seeds and their coverings. In tbe l)oppy-fruit, the cap- 
sule or pericarp furnishes at least sixteen dif'tinct alkaloids, including 
morphine, while the seeds are harmless, and yield an oil much HE.cd 
for food. In tbe fruit of the nux-vomica, the seeds are deadly with 
strychnine and other poisonous alkaloids, while the juicy pulp is but 
very slightly impregnated ,,,itb tllese bitter poisons (Fluckiger and 
Hanbury, "Pharmacographia," p. 384). The seeds of benbane, alld 
stramoninn1, and the Calabar-bean, contain potent alkaloids. The 
unripe tomato often contains traces of solanine, a poisonous alkaloid, 
which disappears during ripening, })1"obably by a glucosic fermt'nta- 
tion. The same alkaloid is sometimes found in the green or ex})osed 
parts of potato-tubers. 
J\Iany of the vegetaùle alkaloids are stable compounds, baving 
clearJy-marked chemical characteristics. Son1c of the opium-alkaloids 
closely resemble others in their composition. Different species of the 
same family often yield the same alkaloids. The theobromine of tbe 
chocolate-nut can be changed by the chemist into caffeine, the alka- 
loid of the coffee-berry. Such an insight has been obtained of the 
structure of conine, the alkaloid of the cJas
ic poison-hemlock, that it 
has been formed from inorganic materials, tl1rough the pro('esses of 
the laboratory. But no evidence has been obtained as to t}le steps 
through wllich alkaloids are formed in the living plants. 
It is little enough we know of the productive chemistry of plants. 
A
, at the beginning, we hail need to plead ignorance of plant-con- 
f';tituents, still more, at the end of our brief survey, n1ust ,ve dec1are 
ignorance of the chemical genesis of those constituents. We can 
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only obtain such glimpses of the progressive order of plant-chemistry, 
and we have only such a distant vie\v of chernical action itself, as can 
give us some hiuts of the order, harmony, and grandeur, of the molec- 
ular changes going on in ripening fruits before us. None the less 
for our ignorance, the forces each season complete their work and 
drop tllcir bountiful products into our bauds. 


... 


ADDRESSES OF ELIOT AND 1\IARSH, 


.AT THE OPE.J..VING OF TIlE AJfERICA.lV' MlfSEUJf OF NA TURAL HISTORY. 


ADDRESS OF PRESIDENT C. 'V. ELIOT. 
I N whose honor are the chief personages of the nation, State, and 
- city, here assembled? 'Vhose palace is this? What divinity is wor- 
shiped in this place? 'Ve are assmnbled here to own with gratitude 
the beneficent power of natural science; to praise and thank its vota- 
ries, and to dedicate this splendid structure to its service. The po"rer 
to which we here do houlage is the accumulated intelligence of our 
race applied generation after generation to the study of Nature; and 
this palace is the storehouse of the elaborated materials ,yhich that 
intelligence has garnered, ordered, and illnminatec1. 'Vhat has natu- 
ral science done for mankind that it should be thus honored? In the 
brief moments allotted to nle I can but mention three pregnant results 
of the scientific study of Nature. 
In the first place, natural science has engendered a peculiar kind of 
human mind-the searching, open, humble mind, 'which, knowing that 
it cannot attain unto all truth, or even to much new truth, is yet pa- 
tiently and enthusiastically devoted to the pursuit of such little new 
truth as is within its grasp, having no other end than to learn, prizing 
above all things accuracy, thoroughness, and candor, in research, proud 
and happy not in its own single strength, but in the n1Ìg}1t of that 
host of students, ,vhose past conquests make up the "
ondrous sUln of 
present knowledge, whose sure future triumphs each hun1blest "
orker 
in imagination shares. Within the last four hundred years this typi- 
cal scientific mind has graduaUy COID.e to be the kind of p}1Ïlosophic 
mind most admired by the educated class; indeed, it has con1e to be 
the only kind of mind, except the poetic, which comlnands the respect. 
of scholars, \vhatever their department of learning. In every field of 
study, in history, philology, })hilosophy, and theology, as ,veIl 3f; in 
natural history and physics, it is noW' the scientific spirit, t lIe scien- 
tific method, ,vhich prevails. The suhstitution in the esteen1 of rea- 
sonable men of this receptive, fore-n\ftching minrl for the dogn1atic, 
overbearing, closed mind, ",hieh assunH:S t!}at it aIr('atly possesses an 
essential truth, and is entitled to the cxclusiye interpretation of it, is 
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a most beneficent result of the study of natural history and physics. 
It i
 an achievemcnt wLich has had much to do with the modern ill- 
crease of liberty in human society, liberty individual, political and 
religious; it is an achicvement of the highest promise for the future 
of the race. 
The second result which I ,vish to s})ecify is the Etupendous ùoc- 
trine of hereditary transmission, which during the past thirty years, 
or within the lifetime of most of those ,,
ho hear me, natural science 
has developed and enjorced by obseryatiolls and comparisons covering 
the whole field of organized life. This conception is far from be
ng a 
new one. Our race has long practised, though fitfully and empirically, 
upon some crude and fragmentary forms of this idea. Tribes, clans, 
castes, orders of nobility, and reigning families, are familiar il1ustra- 
tions of the sway of this idea; in killing, banishing, ana confining 
criminals mankind has in all acres been defendin g itself blindly to he 
Ö , J' 
sure, but effectually, against evils .which incidentaHy flow ii'on1 heredi- 
tary transmission; but it has been reserved for natural science in this 
generation to demonstrate the universality of this prillciple, and its 
controlling influence upon the falnilies, nations, and races of nlen, as 
well as upon all lower orders of animate beings. It is fitting that 
natural history should have given this delnonstration to the world; 
for the basis of systematic natural history is tbe idea of species, and 
the idea of species is itself founded upon the sureness of hereditary 
transmission, upon tlw ultimate fact that individual cl}aracteristics are 
hereditable. As the knowledge of heredity, recently acquired by sci- 
ence, permeates society, it win profoundly affect social customs, pub- 
lic legislation, and goyernmelltal action. It will thro,v additional 
safeguards around the domestic relations; enhance the natural inter- 
est in vigorous fan1Ïly stocks; guide wisely the charitable action of 
the community; give a rational basis for penal legislation; and })ro- 
mote both the occasional production of iIlustrious men and the gradu31 
imprOyenlent of the nlasses of mankind. These moral benefits will 
surely flow from our generation's study of heredity. 
Finally, modern science bas discovered and set forth the magnifi- 
cent idea of the continuity of creation. It has proved tbat the devel- 
opment of the universe has been a progress from good to better, a 
progress not "rithout reactions and catastrophes, but still a benign 
advance toward ever higher forms of life, with ever greater capacities 
for ever finer enjoyments. It has laid a firm foundation for man's in- 
stinctive faith in his O'Vll future. From the sight and touch of wbat 
the eternal past has wrought, it deduces a sure trust in what the eter- 
Dal future has in store. 
" And present gratitude 
Insures the future's good; 
And for the things I see 
I trust the things to be." 
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It has thus exalted the iJea of God-the greatest service which 
can be rendl'red to h lunanity. "Each 
l ge IllUst worship its own 
thouO'ht of God" and each ao'e nlaV be J 'udo'ed bv the worthiness of 

 ,oJ 
 J 
that thought. In displaying the uniful"ln, cuntilluous action of unre- 
penting Nature in its lIlarch from good to better, science has inevita- 
bly clirectcll the attention of men to the 1110st glorious attributes of 
that Di\Tille intelligence which acts through Nature with the patience 
of eternity and the fixity of all-forf'seeiug wis<1onl. ,..,. erily, the in- 
finite, present Creator is ,vorshiped in this place. .A, hundred life'- 
time
 ago a IIf
brew seer gave utterance to one of the grandest 
thoughts that ever mind of nlan conceiyed, but applied it only to his 
own little nation, and coupled it with barharuus denunciation of tbat 
nation's enell1Ïes. 'This thougllt, tender and consoling toward human 
,veakness and insignificance as a Blother's elnbrace, but sublÏ1ue also 
as the starry heights and nlnjestic as the on warù s,veep of ages, 
science utters as the sum of all its teachings, as the supreIlle result 
of all its searching and its meditation, and applies alike to the ,vhole 
ulli\Terse anJ to its last atom-" the eternal God is thy refuge, and 
uIlllerneath are tIlt-' everlasting anns." 


.ADDRES
 OF PROFESSOR O. C. l\IARSH. 


The opening of this 
Iuseun1 to day is an important event in the 
ann
ls of American science, and one from which great results are sure 
to follow. 'Ve see around us here, already, treasures of Nature from 
every land, and rel?re
enting all periods of the earth's history. Not 
Inerely a few typical specilnens, as in most new museums, but rich 
sorips, illustrating the marvelous diversity of N atnre, both in the 
present and in the past. Such treasures, arranged ,yith systf'm, and 
to the best advantagp, as here, arrest the attention of every observer, 
and invite study. This alone is a grand work accomplished, and yet, 
,ve are told, this is hut the beginning. 
The great lllUSe'ums of the world are in t11e great cities; and it is 
fitting that X ew York, one of the fe\v gre:1t centre-s of culture, should 
at last take her proper place in science, and found a 111uselnn, worthy 
of herself , for the ditfll
ion of lno,vledO'e aI110110' her citizf'lls. But 
:-> r"'\ 
t}wre is son1cthinQ: hio'her than thc diffu
ion of knowledO'e to 
trive 

 ö 
 
for h('re, anel that is the increase of kno,vll?clgc. The old i(1ca of a 
mU:-'ÛU1l1 was a shoW-r001]}; the nlodern idea In:1kes it a workshop as 
well. If this institution is to hold hi
'h rank in science, as ,,,'e hope, 
it will not bo in COI1Hequence of the spacious halls before us, crowded 
though they be ,vith the rarest of Nature's products; but, rather, it 
will conle through the Sl11a11 work-roonl:O- in the attic, where the natu- 
ralist, with microscope or scalpel, has patiently workpd out discoveries 
that add to the sum of human knowledo'e. This 
Iusl)nnl will fail of 

 
its highest good, fail even to achieve more than a local influcnce, un- 



476 TIlE PúPUL...1If SCIB
.J.VC.b
 .JIo...\rT/ILY'. 


less the work-roolnc; above are made the most ilnportant feature of the 
whole. The
e va..,t collection
 'will sprcad the clement:- of natural 
:-5cience among the people ùf X ew Y ûr
, and the surrounding region; 
but the quiet ,,"orkerc; in the attic, who pur
ue 
cience for it") own 
f:lake, will bring the 3Iuseum renown throughout the world. 
There is yet a more impurtant reason for 1naking thih inf'titution 
a centre for original research. The science of to-day stands face to 
face with great proùh:nl:--. 'The antiquity of man, the origin of the 
human race, and even the origin of life itself, are among the ques- 
tion
 \\ hich the pre
ent age 
ubmits to science, and to which it de- 
mands an answer. If the
e r )roblems are to be solved hv 
cien'ce 
. , 
..l\rnerica must do her full 8hare of the work, for the materials are 
here. In all that Iwrtains to ancient life, the 'Ye!'tern Continent 
possesses countlesg tn,
af:,urc
, ullknowlJ in other lanel!'. Thefo:e, aq I 
believe, are to unlock rnany rny
teries in hiology, ana render impor- 
tant aid toward the solution of the profoun(]('r questions I )Iayc 
named. American science can tbu") repay its debt to the Old W odd, 
where science began, an(l gathering new fact
, from hroader and 
ricber fields within her OWII border
, carry for,vard, ,,
ith tbe, igor 
and enthusiasm of youth, the ne\ger-ending search for truth. 
If the American )Iuseum of X at ural IIistory, opened to-day undf'r 
such favorable au
pice
, does not take a prominent })art in this great 
'work, it will not d(J justice to its founders, or to its o}Jportunitie
. 
But with such a foundation as we have here, and such resources as 
'wait to unfold their secrets within walls yet to be reared on this com- 
manding 
ite, I venture to predict for natural science in America 
greater triumphs than bave bitherto been won in allY lan(1. 
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SPOXT
\XEOUS GEXERÁ\TIOX. 


By PROF. JOIIX TY
D...\LL, F. R. S. 


I. 
\\TITITIX ten minutes' walk of a little cottage which I have re- 
,\ cently built in the Alps, tbere is a small lake, fed by the melted 
snows of the upper mountains. During the early wéf'ks of f;ummcr 
no trace of life is to he di")cerneù in this water; but invariably tow- 
ard the end of .J uly, or the heginning of .J.\ugu!'t, swarms of tailEd 
organisms are seen enjoying the 
un's warmth along the sha]]ow mal- 
gins of the lake, and rushing with audible patter into the deeper water 
at the approach of danger. The origin of thiH periodic crowd of liv- 
ing things is l,y no mean" oln.iou
. For years 1 harl never noticed in 
the lake either an adult frog, or the smallé
t fragment of frog spawn; 
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so that, were I not otherwi
e infornleù, I should hayc found the con- 
clusion of )lathiole a natural one, nanlcly, that tadpoles are generated 
in lake-mud by the vivifying action of thc sun. 
The checks ,vhich experience alone can furnish being absent, the 
spontaneous generation of creatures quite as high as the frog in the 
scale of being was assunled for ages to be a fact. flere, as else,vherc, 
the dominant nlÏnd of .J..ristotle stamped its notions on the world at 
large. For near)y twenty ccnturies after him Hien found no difficulty 
in believing in cases of spontaneous generation 'which would now be 
rC'jected as monstrous by the most fanatical supporter of thc ùoc- 
trine. Shell-fish of all kinds w'ere considered to be without parental 
OrigIn. EelA were supposed to spring spontaneously from the fat ooze 
of the Xile. Caterpillars \vere tbe spontaneous products of the 
leaves on 'which they fed, ,vbile winged insects, serpents, rats, and 
mice, ,,""ere all thought capable of being generateù without sexual 
intervention. 
The nlost copious source of this life without an ancestry was putre- 
fying flesh, and, lacking the checks Ï111posed by fnller iuvestigation, 
the conclusion that flesh possesses ana exerts this generatiye power is 
a natural one. I well relnenlber 'when a child of ten or t,velve seeing 
a joint of Ünperfectly salted beef cut into, and coils of nlaggots ]aill 
bare within the mass. 'Yithout a mOI1Icnt's hesitation I junlped to the 
conclusion that these maggots had been spontaneously generated in 
the nlcat. I had no knowledge w'hich could qualify or oppose this 
conclusion, anù for the time it was irresistible. The childhood of tIle 
individual typifies that of the race, and the belief here enunciated was 
that of the world for n(1arly two thousand years. 
To the examination of this very point the cf'lebrated Francesco 
nodi, physician to the Grand-dukes Ferdinand II. and Cosmo III. of 
Tuscany, and a nwmber of the Academy del CinH'nto, addressed him- 
self in 1668. lIe had seen the Iuaggots of putrefying flesh, and re- 
flected on their possible origin. But he ,vas not content with mere 
reflection, nor with the theoretic guess-w'ork which his predecessors 
had founded upon their imperfect ohservations. Watching meat dnr- 
ing its passage from freshncss to decay, prior to the appearancc of 
maggots he in\?ariahly observed flies buzzing round the meat nnd fre- 
quently alighting on it. The maO'O'ots , he thouo-ht , nlicrht be the half- 
Oö b 
 
developeù progeny of the
e flies. 
The inductive guess prC'cedes experiment, hy wIlich, howeyer, it 
Blust be finally tested. Redi knew this and acted acconlinO"l y . 
, 
 
Placing fresh meat in a jar and covering the ITIonth with paper, he 
founù that though the meat putrefied in the ordinary way, it never 
breù maggots, while the same meat placed in open jars soon swanned 
,vith these organisms. For the paper cover he then substituted fine 
gauze, tlu'ough 'which the odor of the meat could rise. Over it the 
flies buzzed , and on it the y laiù their eo-o-s but the nleshes beincr too 
O
, , Ö 



478 THE POPULAR SCIENCE fifO..l.VTHLY. 


small to pcrmit the eggs to fall through, no n1aggots were generated 
in the lneat. They were, Dn the contrary, hatched upon the gauze. 
By a series of such experiments I
edi destroyed the belief in the 
spontaneous generation of nlaggots in meat, and with it doubtless 
many related beliefs. The combat was continued by Vallisneri, 
Sch wammerdam, and Réaumur,- who succeeded in banishing the notion 
of spontaneous generation from the scientific minds of their day. In- 
deed, as regards such complex organisms as those which formed the 
subject of their researches, the notion was balJished forever. 
But the discovery and improven1ent Df the microscope, though 
giving a death-blow to much that had b
en previously written' and 
believed regarding spontaneous generatiDn, brought also int() view a 
world of life formed of individuals so nlÍul1te-so close as it seemed 
to the ultimate particles of matter-as to suggest an ea
y IJassage 
from atoms to org.anisms. Animal and vegptable infusions expo
ed 
to the air were found clouded and cr01vded with creatures far beyond 
the reach of unaided vision, but perfectly visible to an eye strengthened 
by the microscope. 'Vith reference to their origin these organisms 
were called "infusoria.'
 Stagnant pools were found fuB of them, and 
the obvious difficulty of assigning a germinal origin to existences so 
minute furnished the precise condition necessary to give new play to 
the notion of hcterogenesis or spontaneous generation. 
The scientific ,vorld was soon divided into two hostile camps, the 
leaders of ,yhich alone can here be briefly alluded to. On t11e one 
side we have Buffon and Needham, the former postulating his" organic 
rnolecules," and tlle latter assun1il1g the existel1iC of a sllecial "vege- 
tative forcc" which dre,v th e molecules together so as to form living 
things. On the other side we have the celebrated Abbé J..azzaro 
Spallanzani, who in 1877 published results counter to those announced 
by Needham in 1748, and obtained by methods so precise as to com- 
pletely overthrow the convictions based upon the labors of his prede- 
cessor. Chargino- his flasks with organic infusion
, he sealed their 
<-' ö 
necks with the blow-pipe, suhjected theln in this condition to the IJeat 
of boi1ing water, and subsequcntly exposed them to ten1peratures 
favorable to the development of life. Tbe infusions cOlJtinued un- 
changed for months, and .when the flasks ,,'ere subsequently opene(I 
no t.race of life ,vas found. 
IIere I may forestall Inatters so far as to say that the success of 
SpaUanzani's experiments depended wl1011y on tbe locality in ,-d1Ï('h 
lle ,,"'orkcf1. The air around him must have been free from the more 
obdurate infusorÌal germ
, for other,,'ise the ])rocess he follo,\yed 
would, as \,'as long afterward proved hy Wyman, have iufallibly 
yielded 1ife. But his refutation of the doctrine of spon1 aneous gen- 
-eration is not the leRs valid on this account. K or is it in any way 
upset by the fact that others in repeating llis experiments obtained 
life when he obtained none.. R3.ther is the refut.ation strengtl1eneà by 
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such differences. Given t.wo experimenters equally skiI1ful and equal- 
ly careful, operating in different places on the same infusions, in the 
same way, and assuming the one to obtain ]ife 'while the other fails to 
obtain it; then its wdl-estab1ished aùsence in the one case proVes 
that some ingredient foreign to the infusion nlu
t be its cause in the 
other. 
Spallanzani's sealea flasks contained but small quantities of air, 
and as oxygen was afterward shown to be generally essential to life, 
it ,vas thought that the absence of )ife observed by Spallauzani might 
have been due to the lack of this vitalizing gas. To dissipate this 
doubt, Schulze in 1836 half-filled a flask with distilled water, to which 
animal and vegetable matters ,vere added. First boiling his infusion 
to destroy whatever life it ntight contain, Schulze sucked daily into 
his flask air which had passed through a series of bulbs containing 
concentrated sul phuric acid, where all gernls of ]ife suspended in the 
air were supposed to be destroyed. From J\Iay to August this pro- 
cess was continued "Tithout any development of infusorial life. 
l1ere, again, the success of Schu]ze ,vas due to his working in com- 
paratively pure air, but even in such air bis experiment is a very risky 
one. Gernls will pass, unwetted and unscathed, through sulphuric 
aciLl, unless the most special care is taken to detain theln. I have 
repeatedly failed, by repeating Schulze's experiments, to ohtain his 
results. Others bave failed likewise. The air passes in buhhles 
through the bulbs, and, to render the nlethod secure, the passage of 
the air must be so slow as to cause the whole of its floating matter, 
even to the core of each bubble, to touch the surrounding liquid. But, 
if this precaution be observed, 'water will be found quite as effectual 
as sulphuric add. By the aid of an air-pump, in a highly-infecth
e 
atmosphere, I h:lve thus drawn air for "
eeks ,vithout intermission, 
first .through bulbs containing water, and afterward through vessels 
containing organic infusions, 'without any appearance of life. The 
germs were not killed, hut they ,yere effectually intercepted, while 
the objection t]1at the air had been injured hy beillg brought into con- 
tact with strongly corrosive substances ,vas avoided. 
The brief paper of Schulze, published in Poggendorrs L-lnnalen for 
1836, ,vas followed in 1837 by another 
hort and pregnant communi- 
cation by Schwann. Redi, as w.e have seen, traceët the maggots of 
putrefying flesh to the eggs of :flies. But he did not and he could not 
know the nleaning of putrefaction itself. lIe had not the instrunl
n- 
tal means to infonn hinl that it also is a phenonlenon attendant on the 
rlevelopment of life. This was first proved in the paper now alluded 
to. Schwann placed flesh in a flask filled to one-third of its capacity 
with water, sterilized the flask hy boiling, ana then supplied it for 
Iuonths with calcined air. Throug-hout this tinl(\ "there appeared no 
nlonhl, no infusoria, no putrefaction; the flesh ren1nined unaltered, 
,yhila the liquid continued as clear as it ,,"'as immediately after boiling." 
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Schwann then varied his experimental argument, with no alteration in 
the result. IIis final conclusion was, that putrefaction is due to decoDl- 
positions of organic matter attendant on the multiplication therein of 
minute organislns. These organisms were derived not from the air, 
but from something contained in the air, which was destroyed by a 
sufficiently high ten1perature. There never was a l110re determined 
opponent of the doctrine of spontaneous generation than Schwann, 
though a strange attelnpt was 1I1ade a year and a half ago to enlist 
him and others equally opposed to it on the side of the doctrine.. 
The physical character of tbe agent ,vhich produces })utrefaction 
was further revealed by Helmholtz in 1843. By n1eans of a mell1 bl:ane 
be separated a sterilized putrescible liquid from a putrefying one. The 
sterilized infusion remained perfectly intact. Hence it was not the 
liquid of the putrefying mass-for it could freely diffuse through the 
nlembrane-bnt something contained in the liquid, and which was 
stopped by the membrane, tbat caused tbe putrefaction. In 1854 
Schroeder and Von Dusch struck into this inquiry, which 'was subse- 
quently followed up by Schroeder alone. These able experin1enters 
employed plugs of cotton-,vool to filter tbe air supplied to tl1eir infu- 
sions. Fed with such air, in the great Inajority of cases the putres- 
cible liquids remained perfectly sweet after boiling. 
Iilk formed a 
conspicuous exception to the general rule. It putrefied after boiling, 
though supplied with carefully-filtered air. The researches of Schroe- 
der hring us up to the year 1859. 
In that year a book was published "Thich seemed to overturn some 
of the best-establisbed facts of previous investigators. Its title was 
"Hétérogénie," and its anthor was F. A. Pouchet, Director of the 
JUuseu111 of N atnral IIistory at Rouen. Ardent, laborious, learned, 
full not only of scientific but of metaphysical feryor, he tbre,v his 
whole energy into the inquiry. Never did a suhject require the exer- 
cise of the cold, critical faculty 1110re than this one-calm study in the 
unraveling of compl(-'x phenomena, care in the preparation of experi- 
ments, care in their execution, skillful variation of conditions, and in- 
cessant questioning of results, until repetition had placed theln beyond 
doubt or question. To a nlan of Pouchet's temperament, the subject 
was fnll of danger-danger not lessened by the theoretic bias with 
whicb he approached it. This is revealed hy the opening "
ords of 
his preface: "Lorsque, })ar la méditation, il fut évident pour moi que 
la génération spontanée était encore l'un des moyens qu'emploie la 
nature pour la reproduction des êtres, je nl'appliquai â découvrir par 
quels procédés on pouvait parvenir à en nlettre les pbénomènes en 
évidence." It is needless to say that such a prepossession required a 
strong curb. Pouchet repeated tl)e experiments of Schulze and 
Schwann with results diametrical1y opposed to theirs. He heaped 
experiment upon experiment, and argument upon argument, spicing 
with the sarcasm of the advocate the logic of the man of science. In 
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view of the nlllltituJcs required to prolluce the observed results, !JC 
ridiculed the assumption of atmospheric gerIns. rrhis was one of his 
strongest points. " Si les Proto-organismes que nous voyons pulluler 
partout et dans tout, avaient leprs gennes disséminés dans l'atmoR- 
phère, dans la proportion nlathématiquement indispensable à cet effet, 
l'air en serait totalement obscurci, car ils devraient s'y trouver beau- 
coup plus serrés que les globules d'ean qui forment nos nuages épais. 
II ll'y a pas là la moindre exagération." Recurring to the subject, 
he exclairns, "L'air dans lequel nons vi vons aurait presque la den- 
sité du fer." There is often a virulent contagion in a confident tone, 
and this hardihood of argumentative assertion was sure to influence 
minds swayed not by knowledge, but by authority. IIad Pouchet 
known that "the blue ethereal sky" is formed of suspended parti- 
cles, through which the sun freely shines, he would hardly have vent- 
ured upon this line of argun1ent. 
Pouchet's pursuit of this inquiry strengthened the cOllyiction with 
which he began it, and landed him in downright credulity in the end. 
I do not question his ability as an observer, but the inquiry needed a 
disciplined experimenter. This latter implies not n1ere ability to look 
at things as Nature offers them to our inspection, but to force her to 
show herself under conditions prescribed by the experimenter himself. 
llere Pouchet lacked the necessary discipline. Yet the yigor of his 
onset raised clouds of doubt, ,vhich for a time obscured the whole 
field of inquiry. So difficult indeed did the subject seem, and so inca- 
pable of dpfinite solution, that when Pasteur made known his inten- 
tion to take it up, his friends Biot and Dumas expressed their regret, 
earnestly exhorting hhn to set a definite and rigid limit to the time 
he purposed spending in this apparently unprofitable field. 1 
Schooled by his education as a chen1Ïst, and by special researches 
on the closely related question of fermentation, Pasteur took np this 
subject under particularly favorable conditions. His work and J)is 
culture had given strength and finish to his natural aptitudes. In 
1862, accordingly, he published a paper" On the Organized Corpus- 
cles existing in the AtmosvI)ere," which must forever renlain classical. 
By the most ingeniotls devices he collected the floating particles of 
the air surrounding his laboratory in the Rue d'Ulm, and snbjected 
thCln to microscopic exan1Ínation. l\Iany of them he found to be or- 
ganized particles. Sowing them in sterilized infusions, he obtained 
ahundant crops of microscopic organisms. By more refined nlethorls 
he repeated and confirmed the experiments of Schwann, which bad 
been contested by Pouchet, l\lontegazza, J oly, and l\Iusset. lIe also 
confirmed the experiments of Schroeder and Von DUScJl. lie sho,vec1 


1 " J e ne conscillerais à pcrsonne/' said Duma
 to his already famous pupil, " de 
rester trop Jongtcmps dans ce sujct."-(" .\nnales de Chemic et de Physique," 1862, vol 
Ixiv., p. 22.) Since that time the illustrious Perpetual Secretary of the Academy of Sci- 
ences has had good reason to revise this " counsel" 
VOl.. xII.-31 
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that the cause ,,
hich communicated life to his infusions was not uni
 
formly diffused through the air; that there were aërial interspaces 
which possessed no power to generate life. Standing on the J\ler de 
Glace, near the l\Iontanvcrt, he snipped off the ends of a nun1ber of 
hermetically-st>aled flasks containing organic infusions. One out of 
twenty of the flasks thus supplied with glacier air showed signs of life 
afterward, while eight out of twenty of tile same infusions, supplied 
with the air of the plains, becan1e crowded with life. He took his 
flasks into the caves under the Observatory of Paris, and found the 
still air in these caves devoid of generative power. These anrl other 
experiments, carried out with a severity perfectly obvious to the in- 
structed scientific reader, and accompanied by a logic equally st.vere, 
restored the conviction that, even in these low'er reaches of the scale 
of being, life does not appear without the operation of antecedent life. 
The main position of Pasteur, though often assailed, has never yet 
been shaken. It has, on the contrary, been strengthened by practical 
researches of the most momentous kind. He bas applied the knowl- 
edge "ron from his inquiries to the preservation of wine and beer, to 
the manufacture of vinegar, to the staying of the plague which threat
 
ened utter destruction to the silk-husbandry of France, and to the ex
 
an1Ïnation of other formidable diseases ,,
hich assail the higher animals, 
including nlan. IIis relation to the in1proyements which Prof. I.ister 
113s introduced into snrger)" is shown by a letter quoted in his" Études 
sur la Bièl.e." 1 Prof. Lister there expressly tlJanks Pasteur for having 
given him the only principle which could have conducted the anti
 
septic system to a successful issue. The strictures regarding Pa.steur's 
defects of reasoning, to which we have been lately accustollled, deliv- 
ered with a tone of supercilious contempt, where reverent teachable- 
ness would have been tbe fitting state of mind, throw abundant light 
upon their author, but none upon Pasteur. 
Redi, as we have seen, proved the maggots of putrefying flesh to 
be derived from the eggs of flies; Schwann proved putrefaction itself 
to be the concomitant of far lower forms of life than those dealt with 
by Rec1i. Our knowledge here, as elsewhere in connection with this 
subject, has been vastly extended by Prof. Cohn, of Breslan. "N 0 
putrefaction," he says, "can occnr in a nitrogenous substance if its 
bacteria be destroyed and new ones prevented from entering it. Pu- 
trefaction begins as soon as bacteria, even in the smallcf".t numbers, 
are admitted either accidental1y or purposely. It progresses in direct 
proportion to the multiplication of the bacteria, it is retarded when 
they exhibit lo\v vitality, and is stopped by all influences .which either 
'hinder their development or kill them. All bactericidal media are 
therefore antiseptic and disinfecting." 2 It was these organisms act- 
1 P. 43. 
2 In his last excellent memoir, Cohn expresses himself thus: U 'Y cr ncch heut die 
Fätllniss yon einer spontanen Dissociation der Proteinmolecule, oder yon einem unorganí ø 
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ing in wound and abscess ,vhich so frequently converted our hospitals 
into charnel-houses, aud it is their destruction by the antiseptic sys- 
tem that now renders justifiable operations which no surgeon ,vonld 
have attempted a fe,v years ago. The gain is immense-to the prac- 
tising surgeon as well as to the patient practised upon. Contrast the 
anxiety of never feeling sure ,,,hether the most brilliant operation 
might not be rendered nugatory by the access of a few particles of 
unseen hospital-dust, with tbe comfort derived from the kno,vledge 
that all power of n1Ïschief on the part of such dust has been surely 
and certainly annihilated. But the action of living contagia extends 
bevond the domain of the surgeon. The power of reproduction and 
indefinite self-multiplication which is characteristic of living things, 
coupled ",-ith the undeviating fact of contagia "breeding true," has 
given strength and consi
tency to a l>elief long entertained by pene- 
trating minds that epiden1Ïc diseases generally are the concon1Ïtants 
of parasitic life. " There begins to be faintly visible to us a vast and 
destructive laboratory of Nature wherein the diseases which are most 
fatal to animal life, ana the changes to which dead organic matter is 
passively liable, appear bound together by \vhat must at least be 
called a very close analogy of causation." ,1 According to this view, 
which, as I have said, is daily gaining con'
erts, a contagious disease 
may be defined as a conflict between the person srnitten by it and a 
specific organism which multiplies at his expens(1, appropriating his 
air and moisture, disintegrating his ti
sues, or poisoning him by the 
decompositions incident to its growth. 


During the ten years extending from 1859 to 1869, researches on 
radiant heat in its relations to the gaseous form of matter occupied 
my continual attention. '\Vhen air was experimented on, I had to 
cleanse it effectually of floating matter, and, while doing so, I was sur- 
prised to notice that, at the ordinary rate of transfer, such matter 
passed freely through alkalies, acids, alcohols, and ethers. The eye 
being kept sensitive by darkness, a concentrated beam of light was 
found to be a most searching test for suspended lllatter hoth in water 

nd in air-a test indeed indefinItely nlore searching ana severe than 
that furnishecl by the most powerful microscope. With the aid of 
such a beam I exan1Ìned air filtered by cotton-wood, air long kept free 
from agitation, so as to allow the floating matter to subside, calcined 

ir, and air filteretl by the deeper cells of the hum-an lungs. In aU 
cases the correspondence betw'een my experiments and those of 
Schroeder, Pasteur, and Lister, in regard to spontaneous generation, 
was perfect. The air which they found inoperative 'was proved by 


'Sirten Ferment ableìtet, oder gar aus 'Stickstoffsp1ittern' die Ralken zur Stiitze seiner 
Fäl1lnif'stheorie zu zimrnern versucht, hat zuerst den Satz 'keine Fäu1niss ,obne Bacte- 
rium Termo ' zu widerle
en." 
1 " Report of the Medical Officer of the Privy Council," 1874, p. õ.. 
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the luminous beam to be optically !)ure and therefore germless. 
Having \vorked at the subject both by experiment and reflection, on 
Friday evening, the 21st of January, 1870, I brought it before the 
melnLers of the Royal Institution. Two or three months subse- 
quently, for sufficient practical reasons, I ventured to direct public 
attention to the subject in a letter to the 1ïmes. Such w"as my first 
contact with this important question. 
This letter, I believe, gave occasion for the first public utterance 
of Dr. Bastian in relation to this question. He did me the honor to 
inform Ine, as others had informed Pasteur, that the subject " perta
ns 
to the biologist and physician." He expressed "amazement" at my 
reasoning, and warned Ine that before ,vhat I had done could be un- 
done "much irreparable mischief n1Ïght be occasioned." 'Vith far 
less preliminary experience to guide and warn him, Dr. Bastian was 
far bolder than Pouchet in his experiments, and far Inore adventurous 
in his conclusions. "Tith organic infusions lIe obtained the results of 
his celebrated predecessor, but he did far more-the atoms and Ino]e- 
cules of inorgal
ic liquids passing under bis manipulation into those 
more "complex chemical compounds" ,vhich we dignify by calling 
them" living organisms." 1 For five years, or thereabouts, Dr. Bas- 
tian ploughed the field without impediment froDl DIe, and, HOW that 
one can overlook the work, I am bound in truth to say that very won- 
derful ploughing it bas been. As regards the public who take an 
interest in such things, and apparently also as regards a large portion 
of the medical profession, he certainly succeeded in restoring the 
subject to a state of uncertainty sinlilar to that which followed the 
publication of Pouchet's yolume in 1859. 
It is òesirable that this uncertainty should be removed fronl the 
public mind, and doubly desirable on practical grounds that it should 
he removed from the minds of medical lllfn. In the present article, 
therefore, I propoEe discussing this question face to face 'with some 
eminent and fair-minded melnber of the nledical profession who, as 
regards spontaneous generation, entertains views adverse to mine. 
Such a one it would be easy to name; but it iR perhaps better to rest 
in the impersonal. I s1)a11 therefore sinlI)ly call my proposed co-in- 
quirer my friend. With him at my side I shall endeavor, to the best 
of my ability, so to conduct this discussion that he who runs may 
read, and that he who reads may understand. 
Let us begin at the beginning. I ask my friend to step into the 
laboratory of the Royal Institution, ,vhere I place before him a basin 
of thin turnip-slices barely covered with distilled ,vater kept' at a 
temperature of 120 0 Fahr. After digesting the tnrnip for four or 


1 "It is further held that bacteria or allied organisms are prone to be engendered as 
correlative products, coming into existence in the several fermentations, just as inde- 
pendently as other less complex chemical compounds."-(Bastian, "Transactions of tbo 
Pathological Society," vol. xxvi., p. 258.) 
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five hours we pour off the liquid, boil it, filter it, and obtain an infu- 
sion as clear as filtered drinking-water. 'Ve cool the infusion, test 
its specific gravity, and find it to be 1006 or higher-water being 
1000. A nunlber of slnall, clean, empty flasks, of the shape here 
shown, are before us. One of them is slightly 
,varmed with a spirit-lamp, and its open end is 
then dipped into the turnip-infusion. The 
warmed glass is afterward chil1ed, the air 
within the flask cools, contracts, and is followed 
in its contraction by the infusion. Thus 'we 
get a small quantity of liquid into t.he flask. 
'Ve now heat this liquid carefully. Steam is 
produced, which issues from the open neck, 
carrying the air of the flask along with it. 
After a few seconds' ebullition, the open neck 
is again plunged into the infusion. The steam 
within the flask condenses, the liquid enters to supply its place, and 
in this way we fill our little flask to about four-fifths of its volume. 
This description is typical; we l11ay thus fill a thousand flasks with 
a thousancl different infusions. 
I now ask my friend to notice a trough made of sheet-copper, 
with two rows of handy little Bunsen burners underneath it. This 
trough, or bath, is nearly filled ,vith oil; a piece of tbin plank consti- 
tutes a kind of lid for the oil-bath. The ,vood is perforated with 
circular apertures wide enough to allow our small flask to pass 
through and plunge itself in the oil, which has been heated, say, to 
250 0 Fahr. Clasped all round by the hot liquid, the infusion in the 
flask rises to its boiling-point, which is not sensibly over 212 0 Fahr. 
Steam issnes from the open neck of the flask, and the boiling is con- 
tinued for five minutes. 'Vith a pair of small brass tongs an assist- 
ant now seizes the neck near its junction with the flask, and partially 
lifts the latter out of the oil. The steam does not cease to issue, but 
its violence is abated. With a second pair of tongs held in one hand, 
the neck of the flask is seized close to its open end, while with the 
other hand a Bunsen's flame or an ordinary spirit-flame is brought 
under the nliddle of the neck. The glass reddens, whitens, softens, 
and as it is gently drawn out tIle neck diminishes in diameter, until 
the canal is completely blocked up. The tongs with the fragment of 
severed neck being ,vithdrawn, the flask, with its contents diminished 
by evaporation, is lifted from the oil-bath perfectly sealed hermeti- 
cally. 
Sixty such flasks filled, boiled, anò sealed, in the n1anner described, 
and containing strong infusions of beef, 1llutton, turnip, anò cucum- 
ber, are carefully packed in saw-dust and transported to the Alps. 
Thither, to an elevation of about 7,000 feet above the sea, I invite my 
co-inquirer to accompany me. It is the month of July, and the 
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weather is favorable to putrefaction. 'Ve open our box at the Bel- 
Alp, and count out fifty-four flasks, ,vith their liquids as clear as fil- 
tered drinking-water. In six flasks, ho\vever, the infusion is found 
lllUddy. We closely exau1Ïne these, and discover that everyone of 
them has had its fragile end broken off in the transit from London. 
Air has entered the flasks, and the observed nluddilless is the result. 
l\ly colleague knows as well as I do what this means. Exaluined 
with a pocket-lens, or even ,vith a luicroscop
 of insufficient power, 
nothing is seen in tbe muddy liquid; but regarded "Tith a magnifying 
power of a thousand diameters or so, what an astonishing appearance 
does it present! Leeuwenhoek estimated the population of a single 
drop of stagnant water at 500,000,000: probably the population of a 
drop of our turbid infusion ,vould be this many times 1nultiplied. The 
field of the microscope is crowded with organisms, some ,rabbling 
slowly, others shooting rapidly across the nlicroscopic field. They 
dart hither and thither like a rain of minute projectiles; they pirou- 
ette and spin so quickly round, that the retention of the retinal im- 
pression transforms the little living rod into a t,virling ,vheel. And 
yet the most celebrated naturalists tell us that they are vegetal)les.. 
From the rod-like shape which tlley so frequently a
sume, theEC 
organisms are called bacteria-a term, be it here relnarked, which 
covers organisms of very diverse kinds. 
Has this multitudinous 1ife been spontaneously generated in these 
six flasks, or is it t]}e prog
ny of living germinal nlatter carried into 
the flasks by the entering air? If the infusions have a self-generative 
power, how are the sterility and consequent clearness of tl}e fifty-four 
uninjured flasks to be accounted for? l\ly colleague may urge-and 
fairly urge--that the assumption of germinal matter is by no mean& 
necessary; that the air itself may be the one thing needed to wake 
IIp the dormant infusions. ",.. e win examine this point inlmE:diate]y. 
But I would meanwhile remind my friend that I an1 working on t11e 
exact lines laid down by onr nlost conspicuous heterogenist. lIe dis- 
tinctly affirms that the withdrawal of the atmospneric pressure above 
the infusion favors tl1e production of organisms; and he accounts for 
their absence in tins of preserved lneat, fruit, anò y(\getables, by the 
Jlypotbesis that fermentation has begun in such tins, that gases have 
been generated, the pressure of which has stifled the incipient life and 
stopped its further development. 1 This is Dr. Bastian's theory of 
preserved meats. Its autbor bas never, to my li:nowledge, pierced a 
tin of preserved meat, fruit, or vegetable, nnder "water ,vith a \.iew 
of testing its truth. Had he done so, he ,vouId have found it erro- 
neous. In well-preserved tins I have invariably found, not an out- 
rush of gas, but an inrush of water, when the tin ,,-ras perforated. 
I have noticed this recently in tins which bave lain l)erfectly good for 
sixty-three years in tIle Royal Institution. l\Iodern tins, subjected to 


1 "Beginnings of Life)" vol. L, p. 418. 
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the same test, yielded the same result. From time to time, moreover, 
during the last two years, I have placed glass tubes, containing clear 
infusions of turnip, hay, beef, and mutton, in iron bottles, and sub- 
jected them to air-pressures varying from ten to twenty-seven atInos- 
pheres-pressures, it is needless to say, far more than sufficient to 
tear a pres(-'rved meat-tin to shreds. After ten days these infusions 
were taken from their bottles rotten with putrefaction and teeming 
with lite. Thus collapses an hypothesis which had no rational founda- 
tion, and which could never have seen the light had the slightest at- 
tempt been nlade to verify it. 
Our fifty-four vacuous and pellucid flasks also declare against this 
heterogenist. "T e expose them to a warm Alpine sun by day, and 
at night we 
uspend them in a warm kitchen. Four of them have 
been accidentally broken; but at the end of a month we find the fifty 
remaining ones as clear as at the cQrnmencement. There is no sign 
of putrefaction or of life in any of them. We divide these flasks into 
two groups of twenty-three and twenty-seven respectively (an acci- 
dent of counting rendered the division uneven). The question now is 
whether the admission of air can liberate any generative energy in 
the infusions. Our next experiment will answer this question and 
something more. 'Ve carry the flasks to a hay-loft, and there, with a 
})air of steel pliers, snip off the sealed ends of the group of twenty- 
three. Each snipping-off is of course followed by an inrush of air. 
We now carry our twenty-seven flasks, our pliers, and a spirit-lamp, 
to a ledge overlooking the Aletsch glacier, about two hundred feet 
above the hay-loft, frOlll which ledge the In-ountain falls ahnost pre- 
cipitously to the northeast for about a thousand feet. A gentle wind 
blows to,vard us from the northeast-that is, across tbe crests and 
snow-fields of tbe Oberland mountains. "Teare, therefore, bathed by 
air which must have been for a good while out of practical contact 
with either animal or vegetable life. I stand carefu]]y to lec
'.ard of 
the flasks, for no dust or particle from my clothes or body nlust lJC 
blown toward them. An assistant ignites the spirit-Ialup, into the 
flame of which I plunge the pliers, thereby destroying all attached 
germs or organisms. Then I snip off the sealed end of the flask. 
Prior to every snipping the same process is gone through, no flask 
being opened ,vithout the previous cleansing of the pliers by the flam{>. 
In this way 've charge our twenty-seven flasks 'with clean vivifying 
mountain-air. 
'Ve place the fifty flasks, with their necks open, over a kitchen- 
stove, in a temperature varying froln 50 0 to 90 0 Fahr., and in three 
days find twenty-one out of the twenty-three flasks opened on the 
ha.y-loft invaded by organisms-two only of the group relnaining free 
from them. After three ,veeks' exposure to precisely the same condi- 
tions, not one of the twenty-seven flasks opened in free air had given 
way. No germ from the kitchen-air had ascended tbe narrow necks, 
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the flasks being shaped to produce this result. "rhey are still in tbe 
Alps, as clear, I doubt not, and as free ii'om life as they were when 
sent off frolll London. l 
What is my colleague's conclusion from the experiment before us? 
Twenty-seven putrescihle infusions, first in vacuo, and afterward sup- 
plied with the nlost invigorating air, have shown no sign of putrefac- 
tion or of life. And as to the others, I almost shrink from asking bim 
,vhether the bay-loft has rendered them spontaneously generative. Is 
not the inference here imperative that it is not the air of the loft-which 
is connected through a constantly-open door with the general atmos- 
phere-but something contained in the air, that bas. produced the 
effects 01Jserved? 'Vhat is this something? A sunbeam glinting 
through a chink in the roof or wan, and traversing the air of the loft, 
,vould s11o\v it to be laden with suspended dust-particles. Indeed, tIle 
dust is distinctly visible in the diffused daylight. Can it haye been 
the origin of the observed life? If so, are 'we not bound by all ante- 
ceòent experience to regard these fruitful particles as the gern1s of 
the life observed? 
The name of Baron Liebig has been constantly nlixed up 'with 
these discussions. " We have," it is said, "his authority for assuming 
that dead decaying matter can produce ferI1Jentation." True, but 
with Liebig fermentation was by no means synonymous with life. 
It will be observed, by the careful reader of Dr. Bastian's works, that 
whenever their author refers to this alleged power of deeaying matter, 
he invariably couples with it the vague term" fermentatiol1," thus 
softening the shock of tbe hypothesis which be insinuates rather than 
aFserts. But our present intention is to brush all vaguerwss aside. 
We therefore ask, "Does the life of our flasks proceed from dead 
particles? " If my co-inquirer should reply" Y es,
' then I 'would ask 
him: "V\That warrant does Nature offer for such an assuDlption? 
'Vhere, amid the multitude of vital phenomena in ,vhich her opera- 
tions have been clearly traced, is the slightest countenance given to 
the notion that the sowing of dead particles can produce a living 
crop?" With regard to Baron Liebig, had lle studied the revela- 
tions of the microscope in relation to these questions, a n1ind so pene- 
trating could never have missed the significance of tbe facts revealed. 
He, however, neglected the microscope, and fell into error-but not 
into error so gross as tbat in support of which his authority bas been 
inyoked. Were lIe now alive, lle ,,"ould, I doubt not, repudiate the 
use often made of his n::tme-Liehig's vie,v of fermentation was at 
least a scientific one, founded on profound conceptions of molecular 
instability. But this view by no means involves the notion that the 
planting of dead partic1es-" Stickstoff8plittern," as Cohn con temptu- 
ously calls them-is followed by tbe sprouting of infusorial life. 
1 An actual experiment made three months ago at the Bel-Alp is here described. 
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SI{ETCH OF WALTER BAGEHOT. 


W ALTER BAGEI-IOT was born February, 1826, in the west 
of Eno-Iand where his father, who survives him, was a lead- 
iller partner in 
n ol
l-established bank. A student in the University 
of b London he took the mathematical scholarship ,vith his Bachelor's 
, 
JeO"ree in 184û, and the gold medal in intel1ectnal and moral philos- 
ophy,vith his 
Iaster's degree in 1848. He then studied law at Lin- 
coln's Inn, and was called to the bar; he thoroughly liked but never 
practised this profession, being induced to abandon it by consider- 
ations of his health. Always delicate, the excessive work by which 
alone the position of a successful barrister can be ,von and maintained 
would doubtless have shortened the already too-brief life. 
He early developed remarkable talent, but in his youth philosophy, 
poetry, and theology, had a larger share of his attention than the nar- 
rower and more prosaic studies which occnpied him later, and upon 
which his fame will rest. In deciding, as he wisely did, to join his 
fa.ther in business, he was conscious of defects which might hinder 
his career as a banker and merchant. lIe was absent.minded about 
minutiæ, inattentive to trifles-he usecl to declare that he could never 
" add up," and habitual inaccuracies marked his mathematical exer- 
cises in college. He proved, however, to be very successful in busi- 
ness, and was grati tied with t11Ís success won in practical pursuits, in 
Bpite of the lnetaphysical and poetic tendency which at one time 
earned for him the reputation of a dreamer. lIe somewhere says: 
" The great pleasure in life is doing what people say you can't do. 
Why did 1\lr. Disraeli take the duties of Chancellor of the Exchequer 
with so much relish? Because people said he w'as a novelist-an ad 
captanduJn man-who could not add up. No doubt it pleased his 
inmost soul to do the work of red-tape people better than those who 
could do nothing else." 
lIe was always busy with his pen. During the early part of his 
life he ,vrote for the National Review, the Inquirer, and other peri- 
odicals, and provetl hilnself to be a brilliant and able critic in various 
departtnents-finance, politics, and literature. His first book, called 
" Estitnates of SOlne Englislnnen and Scotchmen," published twenty 
years ago, and now long out of print, ,vas a very remarkahle volume 
of essays, that for some reason, perhaps the unfortunate title, failed 
to receive the attention it deserved. 
In. 1858 Bagehot married the eldest daughter of James Wilson, 
propnetor of the Economist. The marriage was a happy one, and led 
t
 t
e production of his most popular and original books; it brought 
lum Into connection with the hiO'her world of P olitics. and eventuall y 

 , , 
on the death of his father-in-Ia\v, to the ownership and editorial con- 
trol of the Economist, which paper he carried to the position of great 
power ,vhich it now has. 
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lIis first political ,york, a new edition of ,rhich was recently rc- 
vie,ved in TIlE POPULAR SCIEYCE :i\10XTIILY, is an analysis and expla- 
nation of that elaborate piece of mechanism-or rather, of that com- 
})lex organism-" The English Constitution." He dispels nlany ilJu- 
sions and corrects many mis.conce})tions concerning constitutions 
generally, and demonstrates the impossibility of framing a written 
doculllent that ,,
ill fulfill tbe functions discharged by the unwritten 
Constitution of England-the ineyitable defects and ,veaknesses of 
made-to-order instruments being illustrated by exanlples dra,vn from 
the workings of our own much-yaunted ordinances, and the nlore re- 
cent instrurnent under ,yhich France is no,y governed. . 
In "Physics ana Politic!'," 
lr. Bagehot's first Anlerican book, the 
the growth of societies and states is treated according to the method 
of the evolution philosophy; it is a book which ('ould only have been 
written by a nlan having a thorough knowledge of practical affairs, 
and a firm hold upon the theories of Spencer and Darwin. It is pro- 
nounced "clever" by the critics ,yho do not accf'pt those theories, 
but it is llluch more. 
"Lonlbard Street," as its nalne indicates, deals with that abstruse 
and w'ayward subject, the "money-nlarket," and is one of the best 
sources fronl which to learn the differences which exist between the 
realities of the" street" and the hypotheses of econon1Ïsts. 
At the time of his death, 1\larch 24, 1877, be was engaged upon a 
book, some of the earlier chapters of which w.ere pullished in the 
Fortnightly Review (February and 1\lay, 1876) under the title of" The 
Postulates of Political Economy;" they were able and timely, and it 
is to he hoped that the surmise that other of the cl1apters were so far 
forwarded as to w'arrant publication is corrf'ct. 
Since his death his articles in the Econo'nÛst upon the silver ques- 
tion have been reprinted, n1aking a thin octayo volume; they lack 
completeness and finish, but are still the most valuable contribution 
to the suhject, for he was the first to seek out and correctly correlate 
the cau!'es that led to the decline and fluctuations in the price of silver. 
This brief list comprises all that 'will be remembered as his 
"works," for, though a busy ,vriter, his labor .was mostly given to 
the leading articles in his paper. It is as a journalist that he will be 
chiefly missed. Though dealing ,vith abstruse and technical topics, 
he neyer failed to make himself understood by men of ordinary cu]- 
tivation and intelIicrence. His kno,vledcre was so accurate and Ids 
o ð 
grasp so strong as to command the respect of specialists, and yet bis 
articles had the attention and interest of men whose only concern in 
or knowledg-e of the subjects was that obtained from 1\1r. Bagebot 
himself. In the abstract science with ,vhich he dealt he had tbe rare 
combination of a conv(1rsancy ,vith t1le abstractions and a knowledge 
of the facts. He had the guessing faculty and the solid judgment of 
the man of business, and the trained reasoning power with wl1ich to 
test his guesses and value his conclusions. 
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 THE TIDES." 
To tILe Editor of the Popular Science Monthly. 
I MAKE the following comments on Prof. 
Schneider's second article about u The 
"Tides." All the objections to the state- 
ments in the first article remain in full force. 
The chief points of this second installment 
are two: 1. The disturbing action of the 
sun on the moon's motion; 2. The fall of 
the earth and tbe moon below their respec- 
tive tangent3, whereby it is sought to be 
proved that the moon approaches the earth 
at the time of opposition. If these two 
statements are shown to be wholly in error, 
the secoud article goes the way of the first. 
On page 231, December number of this 
JOUR
AL, we find this: "Thus our moon 
moves faster, and, by a radius drawn to the 
earth, describes an area greater for the 
time, and has its orbit le5s curved, and there- 
fore approaches nearer to the earth in the 
syzygies than in the quadratures. . . . The 
moon's distance from the earth in the syzy- 
gies is to its distance in the quadratures, in 
round numbers, as 69 to 70." 
Tbis extract, which from its form would 
seem to be from a single paragraph, is in 
reality from two widely-separated parts of 
Newton's works, and is besides inaccurate. 
The phrase 
, in round numbers" is neither 
in the original nor in Motte's translation, 
but instead of it there is cæleris paribus, 
and it is hardly necessary to- say that the 
phrases are not exactly equivalent. But let 
these 
lips pass. I give two other extracts 
from the "Principia," book iii., prop. xiv., 
cor. i.: "The fixed stars are immovable, 
seeing they keep the same positions to the 
aphelions and the nodes of the planets." 
Herein is a double error: 
Again, book iii., prop. xxxvii., cor. 3: 
" The densit.y of the moon i
 to the density 
of the earth. . . . as 11 to 9." 
This is very far from the truth, and 
scores of other mistakes in the" Principia" 
are known to those who are familiar with 
that work. So" the b
st of authority" is 
sometimes at fault, and his conclusions are 
not always to be accepted blindly and with- 
out investigation. But if they are to be so 
accepted, as Mr. Schneider's way of paradinO' 
his authority seems to imply, 
'ould it not 
be better to accept Newton's theorv of the 
tides, which.is the true theory, and so make 
an end of It. But that theory excludes 
Prof. Schneider's. 
. If Newton's statement concerning the 
distance of the earth and moon in the syzy- 


gies and quadratures is to be taken without 
qualification, then it is plainly wrong; and 
the matltematical proof that it is wrong can 
be found more or leðs fully developed in any 
of the following works on astronomy, viz., 
those of Woodhouse, Herschel, Lardner, 
Gummere, Loomis, Norton, Olmsted) Robin- 
son, and others. 
Further, there is the practical proof of 
the correctness of the other view in the cal- 
culated and the observed positions of the 
moon for every !tour of every da.lJ in every 
year, these positions being carefully noted 
by a score of observers every day. There 
is no more possibility of universal error in 
these observations and calculations than 
there is that a person who says that two and 
two are four should be in error on that 
point. 
Prof. Schneider's first statement, tben, is 
all wrong; and, this failing, the second goes 
with it. But it is also easily shown by his 
own figures that his conclusion should be 
exactly the opposite to what he makes it. 
He says, "The distance the earth falls, in 
one second of time, toward the sun is about 
.12144:+ of an inch," the moon toward the 
sun .12084 of an inch, and thc moon toward 
the earth .05386 of an inch. The expres- 
sion "falling toward the sun" evidently 
means" falling from the tangent ;" any other 
meaning is false and absurd. 'Vith the cor- 
rectne::5S of these numbers I have nothing to 
do. Consider them correct; then at the 
end of a second the 
arth and moon will be 
farther apart than they were at the begin- 
ning. H
re is the proof: 
In the accompanying figure let ...l[be the 
place of the moon at opposition, E, that of 
the earth, and S the sun; A, the place of 
the moon at the end of a second; B, that 
of the earth at the same instant. Then, 
since the moon at opposition moves in a 
second about two-thirds of a mile farther 
than the earth, the curve .J.lf A is longer than 
E B, and A is farther to the right than B, 
and the moon at .A is below the point G by 
.0538 of an inch: the quantity being ascer- 
tained by supposing the earth to stand fast, 
while the moon moves fornard with the dif- 
ference of their motions. On this there 
can be no disagreement. The distance C A 
is about two-thirds of a mile. But if A is 
bdow tlte tangent .12084 of an incll, and B 
.12144 of an inch below its tangent, tlu!n B 
is fm.thr'l" from A tllen when the ðodies .were 
at },I and E respectÜ'cl.lJ. 'Yhen the earth 
is at B it is at the same distance from the 
sun as it was at E-i. e., E Sand B S are 
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equa1, and the earth must fall below the 
tangent .12144 in order to keep its proper 
distance. The same is true of the moon: 
in going from 0 to A it falls below the tan- 
gent at 0.0538 of an inch, and then is nt 
the same distance from B as it was at C- 
i. e., B 0 and B A are equal. Prof. Schnei- 


---- -.----.... 
cO'=o-:--- 
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is found, after which there will be ample 
time for its publication. 
R. 'V. McFARLArm, 
Professor of !Iathematics and Civil Engineer- 
ing, Ohio Agricultural and Mechanical 
College. 
COLUMBUS, OUlO, November 24, lb77. 
'Ve can give no more space to this con- 
troversy.-ED. 
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THE QUESTION OF REST FOR WOMAN. 


To tlie Edi10r of the Popular Science JIonthly. 
SIR: Jlay I be permitted to point out 
certain pasEages in the kind and careful 
review of my essay on the ., Question of 
Rest," just published in your valuable jour- 
nal, in which it seems to me that the re- 
viewer has misunderstood the drift of the 
statements he cl'Ìticises? Accepting entÌl'ely 
the general criticisre on " the defects due to 
hasty preparation," I am )'et loath that tbis 
haste should be made to appear to have had 
a wider influence than is really the case. 
On page 242 the reviewer obsenes 
that the" author traced this ,'esult-painful 
menstruation-to a want cf occupation; 
while we should explain the lack of ()CCu- 
pation by the inca.pacity resulting from the 
periüdicaJ pain." I believe the essay is 
guiltless ()f such an absurdity in phJsi()log- 
ieal reasoning as an attempt to trace pain 
diredly to a negative circumstance, which 
could only have an influence throu{!h the 
medium of various phJsiol()gical conditions 
more or les" direetJy ll!-lsociated with it, and 
hence induced by it. The inferen<>e drawn by 
the reviewer from the statistics is certainly 
incorrect, for the "unoccupied persons" 
referred to were so because their fortune 
rendered paid lab()r unnecessary, and for 
this reason it had not been undertaken. 
The cases where w()rl{, onee bf'gun, had 
been f()rcibly interrupted by an acquired 
habit ()f menstrual suffering are c()ntained 
in the tables ()f painful cases. 
der's way of combining these numbers is The reviewer) page 242, second c()lumn, 
unique. It is as if the moon had dropped says that the essay RdmitF; "that, in ngard 
toward the sun first .12084 of an inch, then to rest, the above data do not suffice to in- 
.05386, whiJp. the earth had dropped toward form us ()f its influence," and gces ()n to 
the sun ()nlv.12144 of an inch. But Na- conclude therefore that, "so far as the main 
ture does not proceed in that way. The theme of the book is concerned, the author 
.05386 is a part ()f .12084, as tbe figure leaves the question of rf
t in just the con- 
plainly shows. The .05386 is the moon's dition in which she found it." The state- 
distance at A below the dotted line drawn ment quoted fr()m the e
say loses its real 
from 0, and .12084 is tbe m()()n's distance meaning by its abbreviati()n. It is n()t as- 
at A below the tangent drawn from J.L It serted that the data from the tables throw 
is easy t() see that the latter includes the no light on the" question of rest," but only 
former. In the interest of science aUow me that from them we can have no means of 
to prütest against such theories and such deciding how far those w()nJen who acquired 
mathematic
. the habit of menst
ual pain might have 
It is eminently right that we al1 should escaped it, had th
y fr()m the beginning 
be earne
t seekprs of the truth, and it may " rested" during menstruation, since in no 
not be out of place to suggest that the search I c
se was rest found to be taken until it had 
should be diligently prosecuted till the trutl/' I bec()me unavoidable. But the fact that so 
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l:1rO'e a percentags of women, even in tbe I lent for the process by which material is ac- 
" upper" classes, are shown never to feel cumulated in the parent organism for the 
tlIe need of rest at this period; the fact that function of reproduction. This restriction 
in so large a proportion of those who suffer is justified by examples of tbe eminent bi- 
the suffering dates from the first menstru- ologists who, studying reproduction in its 
ation, and hence precedes the habits of oc- most general and abstract aspect, consider 
cupation sometimes supposed to induce it ; the whole proees-s as a form of nutrition. 
the fact that in no case did rest alone suc- (I may mention, 8S one example out of many, 
ceed in averting pain or in curing its cause, the lectures of Claude Bel'nard, published in 
and hence proved anything but the" pana- the a Revue des Cours Scientifiques" foI"' 
cea" the reviewer supposes it to be (page 1874.) For all those classes of animals in 
244)-these facts appear plainly on the whom the conjugation of reproductive cells 
tables of the essay, and are certainlr of im- is effected externally to the parent organ- 
portance in regard to the question at issue. isms, it is evident that the influpnce of re- 
For the reason already surmised it may production upon those organisms terminates 
be that the reviewer has failed to see that with tbe formation of the reproductive ceUs 
the third section of the essay, which he and the accumnlatioD of the material re- 
describes as "containing a review of the qui red for their nutrition. Hence, phiIo- 
various theories of menstruation," is de- sophicaUy speaking, the most general view 
voted not to summarizing these, but to crit- of reproduction coincides exclusively with 
icising them; and that an effort is made to this nutritive process-its type is discover- 
replace one of the famous eurrent doctrines able in vegetable organism
, and the vary- 
of menstruation b.r anothcr, substantially ing phenomena of animal life involved in 
in agreement with those- universally held the conjugation of reproductive cells may 
prior to the writings of Bischoff and Pou- be eonsidered apart. For its speciai pur- 
chet and Ra.cibor
ki, but claiming to con- poses the ess.ay was doubly justified in using 
tain some ori
nal details and su
gestions the term "reprodu
tion '" in the sense thus. 
for a new line of experiment. This effort defined. 
is, to the intention of the author, the main It is because the essay was exclusively 
subject-matter of the essay. That the re- concerned with menstruation that" the èe- 
viewer has either overlooked this, or its rangemcnts due- to matrimony receive no 
beal'ing on the conclusions, or has not attention,'" although the- reviewer, in the- 
deemed it sO' worthy of notice as lesser de- preceding rather singularly-worded sentcnce p 
tails, is shown by his remark that the "ex- implies that they should. 
periments" were made "before, after, and In the same sentence the reviewer de- 
during ovulation;' (page 2!3), whereas the dares that the" motive of the book [is] to 
essay has ranged itself upon the side of demonstrate woman's capacity for continu- 
those more modern thinkers whose re- ous work during certain periods." The only 
searches are tending to rqject the famous " motive" of the book was the desire to. 
ovulation theory. inquire in u.lwt way the rela.tions of the fe- 
The reviewer further criticises the essay male nutrition to the- cost of repl'Oduction 
for a "strained meaning put upon the word might be theoretically expected to modify 
rhythmic," and for confounding" reproduc- the capacit.y for exertion of the female- 
tion with the conditions essential to repro- nervo-musC'Ular system. The reviewer is 
duction" (page 243). It is true that a philo- certainly in error in saying that the author 
sophicaI conception of causation compels us "does not inform us whether il1-arrange- 
to regard every phenomenon as the result ment of work has reference to time or not; " 
of a chain of s'equences, and thus every in- for many pages of the e8say are devoted to 
termittent phenomenon recurring at regular showing-at least in the opinion of the' 
period
 as the result of a rhythmic chain of author-that the question of time is of great 
sequences; and thus, in one sense, there can import2.nce- in regard to the nervo-muscular 
be no antagonism between" periodical" and energies of women, but not time in 'ì"Cgard to- 
"rhythmic." But the essay was compelled tlte pt'riod of the mt'llstrual hærnorrlwges. 
to consider not only facts in themselves, but :Morbid conditions, entailed with other dis- 
certain popular preoccupations about those eases of civilization, may compel reference 
facts, and especially in regard to the intm'- to such time; but the real necessity lies 
mittence of the menstrual hæmorrha
e. The much deeper, and (theorl'ticaHy) should com- 
aim of the essay has been to show that this pel more frequent intermittences in exertion,. 
phenomenon is only on
 of a ('hain succeed- in order, roughly speaking, to allow of the 
ing e
ch other as continuou
ly as do those accumulation in the hlood of reproductive- 
involved in the processes of digestion, a de- material. The essential- dan
el' of overwork 
tail' of a rhythmic movement :lccomplished in women, aside from the dangers commoßl 
in the. orga.nism, and not-as much popular to both sexes, is that, if due provision be 
belief goes-a periodical accident happening not made for "the nccòs of supplemental 
to it. A
ain, it is true that in the essay nutrition," thi8 wi1l be formed at the ex- 
the term ". reproduction" is used as equÍ\'a- pense of the. nutrition of the parent organ.- 
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ism, which must, therefore, dcteriorate. The 
question of rest has been entirely restated 
in tbe essay. And only by overlooking this 
can the reviewer be led to conclude that 
the" author is reasoning against her convic- 
tions;" because, having admitted that ex- 
cessive work may become a cause of men- 
strual pain, it is nevertheless insisted upon 
that there is nothing in the nature of men- 
struation to imply the necessity for rest; 
but that the connection between overwork 
and menstruul suffering is more recondite 
than has generally been perceived. 
The clo
ing scntence of the essay, refer- 
ring to the large percentage of women shown 
to be real sufferers at menstruation, ob- 
serves that, wherever such "omen are en- 
gaged in industrial or other pur:-uits under 
an employer, humanity would dictate that 
as much rest be afforded 88 practicable dur- 
ing the period of suffering. It is difficult, 
therefore, to understand where the reviewer 
finds the recommendation for women to con- 
tinue to work under the" lash of necessity 
or duty," if they can help it (page 244). Pain 
is certainly, as the I'evicwer says, " the ideal 
curse of humanity," but the world is much 
too far from an ideal condition to render 
avoidance of pain a '"ery practicable matter 
in the immense majority of cases. 
On page 243 the reviewer curiously mis- 
interprets a technical statement made in 
the essay. It is there asscrted that pain 
depends on an "imperfect power of resist- 
ance in the nerve-centres," an assertion 
which is merely the special application of 
a general truism in physiology. The tor- 
ments suffered by dyspeptics offer a familiar 
illustration of the manner in which a nor- 
mally painle
s process may become a con- 
stantly-recurring source of irritation. But 
no one would say, as does the reviewer, in 
regard to the sentence quoted from the 
essay, that "this presupposes an inherent 
tendency to pain in all human beings during 
this act, it
 expression depending on the 
power of repression" (page 243). 
Finally, I would beg leave to say that 
tbe hope of "closing the di
cussion and 
furnishing an authoritative canon to meas- 
ure the value of the question" was far be- 
yon:! the ambition of the writer of the e
say. 
The difficulty on the prnctical side is not 
"the innate delicacy of the sex in arms 
against the statistician" (pafre 241), but the 
difficulty common to all biolo
ical iIlve
ti- 
gations upon organisms subjected to com- 
plex conditions. Everyone knows that no 
pure experiment is possible unless all con- 
ditions are eliminated excf'pt the one wh
se 
influence is to be estimated. The difficul- 
ties in the way exactly resemble (for in- 
stance) thosf' besetting Dr. Bowditch's re- 
cent impol'tant investigation concerning the 
influence of damp soils in the etiology of 
consumption. Although tbe statistics pre- 


sented in the essay are, unfortunately, much 
smaller than is desirable, yet it is fair to 
3:dd th3.t they a.re 
he most extensive pub,- 
hshed up t? thIs tIme on the subject, with 
the exceptIon of those of Erierre de Bois- 
mont, and quoted in the essay. Since thc 
addition of his rcsults to those of the essay 
does not in any way conßiet with the con- 
clusions of the latter, I think it may be 
doubted whether more extensive general 
statistics would throw any further licrht on 
the subject. To be of value, furthe
 data 
must offer definite points of comparison in 
regard to the working and luxurious classes 
of society, since it is a matter of common 
obselTation, not yet submitted to strict 
anal)'sis, that the liability to ITlenstrual suf- 
fering increases in proportion as we re- 
cede from the former class (at least when it 
is composed of peasantry) and approach 
the latter. The conclusion (provisional to 
more exact in\'estigation) is cert:Únly that 
the menstrual disorder is not inherent in 
the process, or in habits of exertion during 
the menstrual period, being, on the whole, 
le
s in those who work than in those who 
do not work; but that this suffeI"Ïng is 
ultimately traceable to modifications of the 
entire female organism imposed by one or 
more of the influcnces of a complex civili- 
zation, many of which are confessedly per- 
nicious. It has been tlw modest aim of tbe 
essay to trace out Eome of these modifica- 
tions, and indicate in what way they might 
be counteracted. 


MARY PrTKAM-JACCBI. 


"OPEN AIR AND HEALTH." 
To the Editor of the Popular Science Monthly. 
I TRUST you wiII not think me too intru- 
sive bv a comment which I desire to make 
on th
 article in the Decem her issue of THE 
POPULAR SCIEKCE MO:\THLY, on "Open Air 
and Health." I do this becausc I am U'ì'Y so- 
licitous that your journal will only inculcate 
truth, such as we are able to know by the 
best heads and methods. I am of opinion 
that the article alluded to has a private end 
to boost, "a movement-cure institute," per- 
haps, and I am fortified in this by tbe fJlse 
points of the e
say. :For instance, on page 
221 it is said, "The lungs, like all mucous 
surfaces, secrete mucus,''-ctc. It is necdless 
to say that the lungs proper do not consist 
of mucous surface. This ma)', however, be 
a translator's stumble. But the same can- 
not be supposed of the following, page 223 : 
"In the city night-air is always 'Wholesomer 
than day-air, being both purer and stiller." 
How stillness makes it wholesome I am un- 
able to conceive; indeed, with sewers, cess- 
pools, and the filth of a thousand points, 
stillness is the most favorable for poi
onous 
concentration, slowly diffused throughout 
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the ambient air by the chemical law of 
gaseous diffusion. Does anyone suppose 
that, amid sonrces of contamination, stag- 
nant water would be purer than running? 
Had Dr. Niemeyer used his nose, or attended 
to its monitions in his midnight ramblings 
among the sick, he could never have penned 
such an erroneous sentence. Only solici- 
tation that your journal shall occupy the 
hi
hest grounds in all its selections animatcs 
this critici:;m from my pen. 
J. R. BLACK. 
NEWARK, Omo, December 22, 18ì7. 


"THE LA\V OF CONTINUITY." 
To the Editor oftlte Popular &lence JIontltly. 
IN the interest. of scientific accuracy, I 
would call attention to one or two state- 
ments in the article on "The Law of Con- 
tinuity," in your November number, which 
al'e either greatly strained or positively erro- 
neous. 
The author of the article in question 
sa.ys, speaking of sulphuric acid and water, 
h In all possible percentages do these liquids 
chemically combine, and this is at val'Íance 
with the generally obeyed law of definite 
proportions" (page 32 - the italics al'e 
mine). This is a very loose use of lanO'uaO'e 
b ' J 0 0' 
as may e easl y demonstrated by a com- 
parison of this passage with the statement 
of the fact by any scientific authority. :For 
example, Fownes (" 
Ianual of Chemistry," 
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eleventh edition, p. 203) says: "The most 
concentrated sulphuric acid, or oil of vitriol 
as it is often called, is a definite combina
 
tion of 40 parts sulphuric oxide and 9 parts 
water. . . . Oil of vitriol is not the only hy- 
drate of sulphuric oxide; three others are 
known to 
xist. \\Then the fumiuO' oil of 
vitriol of N ordhausen is expoRed t
 a low 
temperature, a white crystalline substance 
separates, which is a hydrate containing 
half as much water as the common liquid 
acid. Further, a mixture of 98 parts of 
strong liquid acid and 18 parts of water 
2H 2 0SO S , or H 2 SO..H 2 0, congeals and re
 
mains solid even at 7.2 0 C. (4:>0 Fahr.)," 
etc. There i::;, then, in the case of sulphuric 
acid and water, at leaEt, a clear enou(l'h 
distinction between mechanical mixture a
d 
chemical combination, although }h. Iles 
quite loses sight of it. 
Then, again, he says (p. 30), "Science is 
unable to give us any metal but gold in a. 
translucent state." The inability does not 
lie with " science." It has 10nO' been known 
that silver may, by chemical l
eans be ob- 
tained in a translucent film. And Ìikewise 
platinum, aluminum, bismuth , co pp er lead 
. . ' , 
Iron, lltckel, cobalt, palladium, zinc, cadmi- 
um, magnesium, and other metals, have been 
procured in a layer so thin as to be trans- 
parent (\Vright, American Jow'nal of Sci- 
ence and Arts, No. 73, January, 1877).1 
LAUNCELOT 'V. ANDREWS. 
SPRINGFIELD, 
L\ss., November 8, 1877. 
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OOOK AND HIS "BIOLOG 1':" 
T IIE Rev. Joseph Cook seems to 
have attained the position of an 
accepted champion of orthodoxy in its 
conflict with the science of the time 
, 
and as such must have a degree of at- 
tention to which he is not otherwise en- 
titled. In the delivery of the lectures 
wlJÏch compose his volume on biology, 
he was listened to, we are told, by 
large audil'nces of cultivated and schol- 
arly men, who applauded him enthu- 
siastically; while the book has been 
highly praised by eminent tlleologians 
and numerous newspapers, and has had 
a brisk and extensive sale. Yet we ob- 
serve t]Jat the tide of encomium is per- 
ceptihly falling, and shrewd orthodox 
people are beginning to see that they 
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cannot too quickly relieve themselves of 
responsibility in regard to his work. In 
an able review, in the J annary New- 
Englander, the scientific charlatanry of 
"\11'. Cook's book is thoroughly exposed; 
its taste and rhetoric are pronounced 
"execrable," and the writer closes by 
saying that" this production is not one 
for orthodox)" to be proud of, and that 
it is best to declare this opinion plainly 
and promptly." 
Nevertheless there is a startling sig- 
nificance in the fact tlIat such a work 
could have received from an intelligent 
Christian community the measure of 
commenùation that has been accordeù 


. 1 It i
 but fair to 

y t.hnt the' article in qUE'S- 
two was written and In the hands of the Nlitor 
six months tl('fore Prof. 'VrjO'ht's researches 
were published.-En. h 
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to it. Any infidel book that had gone 
as far toward extirpating the miracu- 
lous from Christianity would have been 
pitched into the flames as blasphemous 
by every devout believer. The grand 
central miracle of Christianity, among 
all orthodox people held as a belief too 
sacred to be approached in a rationa1is- 
tic way, is the supernatural genesis of 
its divine founder. And yet this rev- 
erend biologist of Boston attacks the 
subject with the microscope, quotes 
Haeckel to prove that bees multiply 
without the intervention of the male, 
claims that this principle "extends to 
the higher forms of life," and, "in the 
presence of Almighty God," suggests 
that Christ may have originated in the 
same natural way. He even thinks 
that if this fact of parthenogenesis in 
natural history had been sufficiently 
known it would ha\Te been potent in 
saving men from skepticism by reHev- 
ing their perplexities respecting the 
parentage of the Saviour, and he cites 
a conspicuous illustration, as follows: 
"1Yhen a great soul Hke the tender 
spirit of our sainted Lincoln, in his ear- 
ly days, with little knowledge, but with 
great thoughtfulness, was troubled with 
this difficulty, and almost thrown into 
infidelity by not knowing that the law 
that there must be two parents is not 
universal, I am willing to allude, even 
in such a presence as tllis, to the latest 
science concerning miraculous concep- 
tion." ,. The latest science!" Perhaps 
Mr. Lincoln, after all, with his" little 
knowledge," was not so ignorant as 
onr biological lecturer, who seems not 
to know that t1Je Swiss naturalist, Bon- 
net, had established asexual multiplica- 
tion, in the case of plant-lice, three- 
quarters of a century before Lincoln 
was bornÞ 
1\'" e must not, however, expect too 
much, and are glad of any earnest s
i- 
entific discussion in theological quar- 
ters. A book from a clergyman, bearing 
the title of "Biology," has not only 
the commendable merit of novelty, but 


it is an encouraging sign of the times; 
and a promising precedent for the fu- 
ture. Nor should we be too exacting in 
regard to the quality of first efforts, as 
theology is certainly not tbe best prepa- 
ratión for biology. Yet when a Chris- 
tian preacher takes up the science, and 
we allow for the imperfections of treat- 
ment to be naturaUy expected of an 
inquirer in an unfamiliar region, we are 
still entitled to demand candor, fair- 
ness, and conscientious painstaking 
honesty of statement. Though we may 
not get intelligence, we ought, at least, 
to have common morality. 1Ye propose 
briefly to test :Mr. Cook's book by this 
very moderate standard, and will take 
his first position as a sample. We shall 
thus be enabled not only to get good 
measure of the claims of his work, but 
to correct a popular misapprehension 
of some consequence. 
It is generally known that Prof. 
Huxley, a few years ago, examined a 
substance brought up from the sea- 
bottom, and announced it as anew ly- 
discovered form of protoplasm, to 
which he gave the name of Bathybiu8; 
and it is currently supposed that he af- 
terward abandoned this view as erro- 
neous. Mr. Cook begins his biology 
with an account of this matter. Its 
first sentence is as foIloJws: "In 1868 
Prof. Huxley, in an elaborate paper in 
the Microscopical Jou1'nal, announced 
his belief that the gelatinòus substance 
found in the ooze of the beds of the 
deep seas is a sheet of living matter, 
extending around the gløbe." We have 
carefully read that article, and have 
found no such statement, and nothing 
equivalent to it, there. Dr. A. P. Pea- 
body, of Harvard University, reviewing 
the book we are now considering, says 
that'" 1tIr. Cook's reasonings are based 
in no instance on his own statement of 
physical or scientific truth or fact; but 
always on the expressly.quoted words of 
writers of universally aòmitted author- 
ity." This. is contradicted by the very 
first utterance of 1tIr. Cook, in which 



EDITOR'S TABLE. 


Prof. Huxley's words are neither" ex- 
pressly quoted" nor quoted at all, and in 
which the substance is not to be found 
in the artiole cited. 
The second paragraph of the book 
opens thus: "To this amazingly strateg- 
io and haughtily-trumpeted substanco 
found at the lowest bottoms of the 
oceans, Huxley gave the scientific name 
Bathybius, from two Greek words 
meaning deep and sea, and assumed 
that it was in the past, and would be 
in the future, the progenitor of all the 
life on the planet." It is not true that, 
in the article cited by Mr. Cook, Prof. 
Huxley made any such assumption as is 
alleged, any more than it is true that 
the word Bathybius has the derivation 
here assigned to it. This characteriza- 
tion of the announcement of Bathy bius 
is simply a slanderous misrepresenta- 
tion. That ltfr. Cook intended it to 
apply to Huxley is obvious from the 
connection, and is proved by the fact 
that on page 69 he again refers to 
it as "the haughty claim of Huxley." 
Nothing could be nIore false, as we sllan 
presently show, than the impression con- 
veyed by this language. 
On the third page we are told that 
"Dr. Carpenter rejected IIuxley's tes- 
timony on this matter of fact," but 
where, or in what form, he has done 
so is not mentioned. The statement is 
entirely improbable, as Dr. Carpenter 
had himself observed the Hving Bathy- 
bius dredged up on the expedition of 
the Porcupine, samples of which he 
furnished to Huxley; while so late as 
1875 he speaks in his work on the mi- 
croscope "of these indefinite expan- 
sions of protoplasmic substance, which 
there is much reason to regard as gen- 
erally spread over the deep-sea bed." 
Having introduced Bathybius to the 
attention of his auditors, in the manner 
here indicated, Mr. Cook announced to 
them, with due rhetorical flourish, that 
it is now nothing but an exploded myth. 
We shall be better able to judge of the 
truthfulness, qoth of his former state- 
VOL. XII.-32 
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ments and of this assertion, by briefly 
glancing at the history of the substance. 
The paper of 1868 here referred to 
is entitled "On some Organisms liv- 
ing at Great Depths in the North At- 
lantic Ocean." In the first part of this 
article he referred to a report, which lIe 
had himself drawn up, concerning the 
sticky IDud obtained by Captain Day- 
luan in sounding the North Atlantic in 
1857; the report of Prof. Huxley being 
published in 1858. In his observations 
upon this mud he discovered some cu- 
rious little microscopic bodies, which 
at first suggested an organic origin, but 
which Prof. Huxley concluded were not 
of this character. The langua
e in the 
original report is as follows: "I find 
in almost all these deposits a multitude 
of very curious rounded bodies, to all 
appearance consisting of several con- 
centric layers surrounding a minute, 
clear centre, and looking, at first sight, 
somewllat like single cells of the plant 
protococcus; as these bodies, however. 
are rapidly and completely dissolved 
by dilute acids, they cannot be organic. 
and I will, for convenience' sake, simpl
r 
call them coccoliths." 
Some observations made by Dr. 
Wallich and Mr. Sorby led them to 
think that Prof. Huxley had been mis- 
taken in the conclusion here given, and 
that the objects which he supposed to 
be of a mineral nature were really of 
organic origin. Prof. II uxley was then 
led to reconsider the subject, of which 
be made a prolonged study with higher 
microscopic powers, and the result was 
that he came to the same conclusion as 
the observers referred to, that the ll1i- 
nute microscopic objects belonged to 
the lowest forms of the living world. 
Certain minute albuminous or proto- 
plasmic bodies of the very lowest type 
had been discovered by Prof. lIaeckel, 
anll named monel's, and it was Prof. 
Huxley's opinion that the minute ob- 
jects he had been studying from the 
sea-slime belong to this class. We 
quote the passages from the article in 
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the Microscopical Journal of 1868, in 
which his conclusions are stated: 
"Sucb, so far as I have been aùle to 
determine them, are the facts of struct- 
ure to be observed in the gelatinous 
matter of the Atlantic mud, and in the 
coccoliths and coccospheres. I have 
hitherto said nothing about their mean- 
ing, as, in an inquiry so difficult nnd 
fraught with interest as this, it seems 
to be in the highest degree important 
to keep the questions of fact and tlle 
questions of interpretation well apart." 
Again: "I conceive that the gran- 
ule-heaps and the transparent gelatin- 
ous matter, in which they are imùed- 
ded, represent masses of protoplasm. 
Take away the cysts which characterize 
the radiolaria., anel the dead spherozou'ln 
would very nearly resemble one of the 
masses of this deep-sea U'r8chleim, which 
must, I think, be regarded as a new form 
of those simple animated beings wllich 
haye recently heen so well described 
by Haeckel, in his 'Monographie del' 

Ioneren.' I propose to confer upon 
this new monera the generic name of 
Brtthybiu8, and to can it after the emi- 
nent Professor of Zoö]op:y in tbe Uni- 
versity of J ena, B. Haeckelii." 
This modest and cautious statement 
is the whole of the announcement of 
Bathybius. It is made by a scientific 
man in the true spirit of science, and 
when the Rev. 
Ir. Cook charges Hux- 
ley with "haughtiness" in regard to it, 
his statement has no value except as an 
exemplification of the trustworthiness 
of his book. What the nature of the 
evidence was for the existence of this 
protoplasmic substance at the bottom 
of the sea wilJ appear from the foHow- 
ing statements: 
Those eminent zoölogists, Sir "
y- 
vilIe Thomson and Dr. William B. Car- 
penter, while engaged in a deep-sea ex- 
ploring expedition in the North At- 
lantic with the war-ship Porcupine, had 
abundant opportunity to examine the 
ooze of the ocean-bed, and they write 
in the Magazine of Natural Hútm'y 


(1869), " This ooze was actually living; 
it collected in lumps, as though albu- 
men had been mixed with it; and un- 
der the microscope the sticky mass was 
seen to be living sarcode." The pro- 
toplasmic character of this simplest- 
formed material of low animalJife was 
still further attested by Sir W yville 
Thomson in his "Depths of the Sea" 
(page 410, second edition, 1874): "If a 
little of the mud, in which this ,vi::;cid 
condition is nlost marked, be placed in 
a drop of sea-water under the micro- 
scope, we can usually see, after a time, 
an irregular network of matter resem- 
bling white of egg, distinguishable by 
its maintaining its outline and not 
mixing with the water. This network 
may be seen gradually altering in form, 
and entangled granules and foreign 
bodies change their relative positions. 
The gelatinous matter is, therefore, ca- 
pable of a certain amount of movement, 
and there can be no doubt that it mani- 
fests the phenomena of a very simple 
form of life." 
Dr. Emil Bessels, who accompanied 
the expedition of tlle Polaris, writes to 
a German journal of natural history: 
" I found in Smith Sound, at the depth 
of ninety-two fathoms, great masses 
of free, undifferentiated homogeneous 
protoplasm," which he names Proto- 
bathybius. He adds: "I would simply 
say, in this place, that these masses 
consisted of pure protoplasm, in which 
calcareous particles occurred only by 
accident. They appeared to he very 
sticky, mesh-like structures, with per- 
fect amæboid movements; they took 
up particles of carmine and other for- 
eign substances, and there was active 
motion of the nuclei." 
And now, to nullify the effect of 
such direct, positive, and concurrent 
observations made and verified, again 
and again, by experienced men, what 
have we 
 Only this: the ship Chal- 
lenger started around the world to 
dredge the sea-bottom, and its observ- 
ers sought Bathybius and did not find 
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it. TIut this negative evidence is worth 
nothing, except to correct the error of 
those who supposed Bathybius to be 
universaUy distributed over the sca- 
bottom. It does not touch the question 
of its existence. Sir 'Vyville Thom- 
son, in charge of the Challenger expe- 
dition, wrote to Huxley that they had 
not only failed to discover Bathybius, 
but that it was seriously suspected that 
the thing to wI1Ïch the name had been 
given is little more than sulphate of 
lime, precipitated in a flocculent state 
from sea-water by spirits of wine. Prof. 
IIuxley immediately communicated this 
report of Sir 'V yville Thomson to Na- 
ture, l and he adds: "Prof. Thomson 
speaks ver,Y guardedly, and does not 
consider the fnte of Bathybius to be as 
yet absolutely decided. But, since I am 
mainly responsible for the mistake, if 
it be one, of introducing this singular 
substance into the list of living things, 
I think I sñaU err on the right side in 
attaching even greater weight than he 
does to the view which he suggests." 
Let it be remembered that the sole 
question here is as to the interpreta- 
tion to be given to observations on 
sea-slime. But such observations had 
been made elsewhere over and over 
again, in many places, and by numerous 
micro
copists. The flocculent gypsum 
precipitate in sea-water had been, more- 
over, known to everybody who had pre- 
served marine animals in alcohol. It 
was, of conrse, a proper question to raise, 
how far snch an effect might not be 
mistaken for reactions of protoplasm; 
but to suppose that anything was here 
finally decided is simply preposterous- 
much more so, that all previous observa- 
tions on sea-bottom protoplasm were 
proved worthless. The" suspicion" 
was quite legitimate, but it was only a 
suspicion, and was offèred as nothing 
more. Huxley expressed himself sim- 
ply in the terms of courtesy that were 
suitable to the occasion. Sir 'Y yville 
1 See POPULAR SCIENCE MONTHLY October 
1877, p. 648. " 
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Thomson spoke cautiously; and IIuxley 
accorded to his statement aU possible 
weight. If he had been disposed to 
contest the matter, this would not have 
been the appropriate time, as his object 
was nothing more than to communicate 
to the public what had been sent to him 
for that purpose. Mr. Cook makes a 
great ado about Huxley's" recantation," 
but, so far frOlu recanting, he does not 
even admit that he had been mistaken. 
lIe gave Sir 'V yville Thomson the fullest 
benefit of his doubt, and there left the 
matter for further investigation. The 
Rev. Mr. Cook, however, returns to the 
subject in his third lecture, and edifies 
his intelligent Boston audience by clos- 
ing with the following whoop: "That 
Bathybius has been discovered in 1875 
by the ship Challenger, to be-hear 0 
heavens! and give ear, 0 earth !-sul- 
phate of lime. (Applause.)" 
We may here note the contrast be- 
tween the theological biology which so 
evoked the plaudits of Boston ortho- 
doxy and biology of the common sci- 
entific kind. I t was evidently a part of 
Mr. Cook's polemical tactics to open his 
course of lectures by a sensational dash 
that should make a breach in the sci- 
entific ranks which it was the object 
of the "
Ionday lectureship" to rout, 
and for this purpose nothing could be 
more telling than to discredit Prof. 
Huxley at the outset. So much had 
been said, and so little was really 
known, about "Huxley's Bathybius," 
that this seemed to offer the most vul- 
nerable point of attack. But had Mr. 
Cook not been talking to people who 
know nothing about the difficulties of ar- 
ri ving at the truths of Nature-nothing 
of the inexorable diRciplines of science 
-and who pride themselves on never 
g-iving up a dogma once professed; had 
lIe not, in short, been catering to the 
"closed, dogmatic" mind of a locality 
proverbial for pride of opinion, his effort 
would hardly have been greeted with 
the reported applttuse. Had Prof. 
Huxley been in error, would it not 
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have been to his credit to retract it 
 
How else have the truths of science 
and the laws of Nature been estab- 
lished, except by righting wrong con- 
clusions, committing mistakes and then 
correcting them, and escaping from er- 
roneous opinions by showing them to 
be false 
 This is the essential method, 
and the constant work of science, and 
it is exact1y here that it becomes the 
antagonist of that method which tacit- 
ly or openly affirms infallibility of be- 
lief, and holds it to be a reproach and 
a disgrace to acknowledge that one has 
ever been mistaken. If there had been 
no revolt against this spirit, we should 
never bave had any such thing as sci- 
ence. 
We dismiss this much-lauded book 
with one more illustration of its qual- 
ity. Having got through the sixth lec- 
ture, still devoted to his main thesis- 
the ded uction of immortality from pro- 
toplasm-Mr. Cook pointed the moral of 
the occasion in the following character- 
istic way. He said: "Here is the last 
white and mottled bird that flew to us 
out of the tall Tribune tower; and softly 
folded under its wing are these words 
concerning Darwin, from Thomas Oar- 
lyle, at his own fireside in London." 
He then read the sensational story that 
has for some time past been going the 
rounds of the newspapers about Car- 
lyle's declaring the Darwins to be" athe- 
ists all," with some stupid rant about 
the gospel of dirt, and men coming from 
monkeys and frog-spawn, and winding 
up with his standing on tl1e brink of 
eternity and reviving the lessons of his 
catechism. :1\1r. Cook then cans im- 
pressively upon" Boston, and the New 
England colleges, and all tender and 
thoughtful souls, to listen to Thomas 
Carlyle as he stands on the l)rink of 
eternity. " 
Now, we never doubted that this rep- 
resentation, so greedily caught by press 
and pulpit, was essentially a lie. Not 
that Mr. Carlyle may not have included 
Darwinism among the multitudinous 


modern things that he has been wont 
to rave about, but this circumstantiul 
statement had aU the internal evidence 
of fabrication and falsehood. Mr. Cook 
says it was an "extract from a letter 
from Carlyle, published in Scotland, and 
quoted in the London Times." Yet long 
before Mr. Cook published his book the 
story was contradicted in that journal 
"on the best authority." The" Monday 
lectureship" was, however, "abreast of 
the times" only for the purpose of cir- 
culating the scanùal. The following 
note, printed in the London Times of 
January 20, 1877, neither appears in the 
"Biology," nor, so far as we have oh- 
served, has appeared in the American 
newspapers which gave such swift pass- 
port to the first statement: 


MR. CARLYLE ON DARWI5IS
. 
"L." writes: "Allow me to state on tbe 
best authority that the letter ubout Darwin 
and his doctrines, which was quoted in the 
Times on the 17th inst. from the Ard1'ossan 
and SaZtcoats Herald, was not written by 
him." 


This should have been quite sufficient 
to stop the story, but some people fire 
incredulous when dirty gossip is to 
be checked, and demand responsible 
names. It may, therefore, be proper to 
S3Y that we happen to have been in- 
formed by Herbert Spencer that tbe 
note to the Times was coinmunicated by 
Mrs. Lecky, the wife of the historian, 
and that she stated to Mr. Spencer before 
its publication that, while Mr. Carlyle, 
in pursuance of bis practice of never 
noticing misstatements, would not con- 
tradict it himself, he had authorized 
her to make the contradiction. It thus 
appears that a party in England forges 
a libelous letter, in the interest of ortllO- 
doxy, which is made to do duty in New 
England in the same interest, while the 
solemn adjuration to listen to the libel- 
ous forgery is responded to with the 
usual " applause." 
It is the frequent custom of clergy- 
men to characterize much of the work of 
modern scientific thinkers as "pseudo- 
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science," "sham science," and "science 
falsely so called;" but truly does the 
R
v. Joseph Cook's" Biology" answer 
to their ideal of a genuine thing? And 
must we not conclude, from the way 
they praise it, that our orthodox friends 
are rather hard pressed for champion- 
ship? 


OPENING OF TIfE JIUSE

L 
It is not often that we get so much 
momentous thought in so narrow a 
compass as was furnished by Professors . 
Eliot and Marsh, in their addresses at 
the recent opening of the American 
Museum of Natural History in this city. 
President Eliot, of Harvard, summed 
up in a few weighty words the grandest 
characteristic of modern sQience, and 
pointed out two of its most profound 
and far-reaching results. The comple- 
tion of a new Museurn of Natural His- 
tory seemed the fitting occasion to rec- 
ognize that science has given a kind of 
new birth to the human mind-a new 
method and spirit of thought in essen- 
tial contrast with the old dogmatic dis- 
pensation. This grand result, not yet 
very widely recognized, and where 
recognized not yet very conrageo'usly 
avoweù, nevertheless many times out- 
weighs in import aU the material con- 
quests of scientific research. The doc- 
trine of heredity, in its comprehensive 
application to man and social institu- 
tions, and the doctrine of continuity in 
Nature, and the slow unfolding of 
higher and better conditions, are cred- 
ited with an exalted place among the 
later achievements of the scientific 
mind. 'Ye cannot forbear expressiyg 
our gratification at so unq ua1ified an 
indorsement from such a distinguished 
source, anù on such a conspicuous occa- 
sion, of ideas which THE POPULAR SCI- 
ENCE MO
TIILY has earnestly sought to 
diffuse ever since it was started. 
Prof. Marsh macle a telling appeal 
for the encouragement of original scien- 
tific work. He called attention to the 
danger that such 1l1USeUms are liable 
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to degenerate into mere shows, and 
pointed out that their higher service is 
to facilitate, encourage, and keep alive, 
that spirit of investigation by which 
alonø knowledge is developed and per- 
fected. His suggestions were vertinent 
and timely, and it is to be hoped they 
will be heeded, and that due provision 
will be made for students w 10 ,,,,ish 
to engage in the promotion of original 
work. 


LITERARY NOTICES. 


ELEME!\TS OF GEOLOGY: A TEXT.BoOK FOR 
COLLEGES AND FOR THE GE
ERAL READER. 
By JOSEPH LE CONTE, Professor of Ge- 
ology in the University of California. 
903 Illustrations. New York: D. Ap- 
pleton & Co. Pp. 588. Price, $4. 
SIR JOHN HERSCHEL has 80mewhere re- 
marked that, in the vastness and sublimity 
of its leading ideas, geology is the rival of 
astronomy; for, as the latter has to deal 
with immeasurable space, the former opens 
the conception of immeasurable time. There 
is a splendor about the science of celestial 
phenomena that is, of course, unrivaled; 
but there is a deep fascination about the 
history of the development of our planet 
that comes from the immensity of the pe- 
riods involved, the stupendous scale of the 
changes that have taken place, and the 
practical results derived from our knowl- 
edge of the constitution of the earth's crust. 
These noble el<.>ments of the science must 
ever give geology a powerful claim upon the 
attention of cultivated people, and they have 
gained for it, and will secure to it, a leading 
place in all our higher courses of study. 
But scientific education is yet in its infancy, 
and its incorporation with the traditional 
culture has thus far been very much a mat- 
ter of accident, caprice, or indifference. Ge- 
ology has perhaps suff<.>red more than any 
other science fl'om the unsettled state of 
the relations between scientific and literary 
culture. Not that the subject has been 
neglected, but it has been treated without 
judicious and adequate preparation. 'Ve 
have had admirable elaborate works for the 
information of professional geologists and 
the training of students who design to be- 
come geologists; and we have had excellent 
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rudimentary books for introducing begin- 
ners to the subject and for use in ordinary 
schools. But a good college text-book of 
geology has hitherto been wanting. There 
has been no American work for high-class 
institutions which treats the subject so as 
to meet the requirements of intelligent and 
scholarly people, who yet do not expect to 
become independent cultivators of geologi- 
cal science. This manifest gap has now 
been filled by the publication of the work 
before us, and a careful examination of the 
volume convinces us that it has been ex- 
ecuted with great judgment with reference 
to the present needs of higher education. 
In his preface Prof. Le Conte thus states 
the purpose he had in view in writing the 
work: "I have attempted to realize what 
I conceive to be comprised in the word 
elements as contradistinguished from nwn- 
ual. I have attempted to give a reany sci- 
entific presentation of all the departments 
of the wide field of geology, at the same 
time avoiding too great multiplication of 
detail. I have desired to make a work 
which shal] be both interesting and profit- 
able to the intelligent general reader, and 
at the same time a suitable text-book for 
the higher classes of our colleges. In the 
selection of material and mode of presenta- 
tion, I have been guided by long experience 
as to what it is possible to make interesting 
to a class of young men, somewhat advanced 
in general culture and eager for knowledge, 
but not expecting to become special geolo- 
gists. In a word, I have tried to give such 
knowledge as every thoroughly cuUured 
man ought to have, and at the same time is 
a suitable foundation fo!' the further pros- 
ecution of the subject to those who so 
dp.sire. The work is the substance of a 
course of lectures to a senior class, organ- 
ized, compacted, and disencumbered of too 
much detail by representation for many suc- 
cessive years, and now for the fh'st time 
reduced to writing." 
But, besides preparing a comprehensive 
text-book, suited to present demands, which 
was the author's main deE!ign, he has also 
given us a volume of great value as an ex- 
position of the subject, thoroughly up to 
date. It is wen known that geology is one 
of the most rapidly progressive of the sci- 
ences, but in recent years its advances have 


been very remarkable. Not only are its 
facts multiplying at an unprecedented rate, 
through the labors of the increasing multi. 
tude of geological observers in al1 lands, but 
its progress is to a stiU greater degree sig- 
nalized by the light thrown upon it by vari- 
ous other sciences, and by the working out 
of fundamental principles by which its mul- 
titudinous details are organized into more 
perfect method. The law of evolution is 
now the key to geology. A vague principle 
of progress has long been obscurely recog- 
nized in geological phenomena, but that 
principle has now been brought out, ampli- 
fied, formulated, and established, as the all. 
interpreting law that b&s governed tbe un- 
folding of the globe. Much remains to be 
done, no doubt, in the elucidation of this 
grand principle, but its imperfection now 
becomes a measure of the imperfection of 
geology itself, and no presentation 'of that 
science is any longer possible which does 
not give prominence to the doctrine of evo- 
lution. Prof. Le Conte not only accepts it, 
but puts it to its proper scientific use, as 
his volume bears abundant witness, and as 
he explains in the following words from the 
preface: "In the historical part, I have 
found much more difficulty in being scien- 
tific without being tit'esome, and in being 
interesting without being 8uperficial and 
wordy. 1 have attempted to accomplish 
this difficult task by making evolution the 
central idea about which many of the facts 
are grouped. I have tried to keep this idea 
in view, as a thread running through tbe 
whole history, sometimes very slender- 
sometimes, indeed, invisible; but reappear- 
ing from time to time to give consistency 
and meaning to the history." 
The examples and applications of Prof. 
Le Conte's work are almost entirely derivpd 
from this country, so that the treatise may 
be properly considered an American geol- 
ogy. This invol,es no narrowness or in- 
completeness; for, although science is as 
wide as Kature, yet the illustrations of geol- 
ogy are necessarily local, and an important 
point is gained when those are selected 
which will be most naturally observed by 
the great mass of students for whom the 
volume was designed. The region of the 
Rocky Mountains and the "r estern portions 
of the continent, as is well known, have 
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recently yielded the most striking and im- 
portant contributions to the subject, both 
in dynamical and structural geology, and in 
the departmcnt of ancient lifè. Prof. Le 
Conte's residence in California, for the last 
few years, h3s been favorable to the culti- 
vation of this field, of which he has fuBy 
availed himsclf by excursions of observa- 
tions, and vac:ltion-rambles with parties of 
students and graduates, through regions 
especially rich in geological interest. His 
book contains the results of these personal 
inquiries, and those of other observers, in- 
cluding the revelations of remarkable fos- 
sils by Prof. 
Iarsh and the naturalists who 
have devoted themselves to paleontological 
exploration. 
The volume is written with great clear- 
ness and with admirable judgment in re- 
spect to the proportions of space allotted 
to its multifarious topics. A prime object 
with the author has becn to interest his 
readers, and for this purpose he has given 
prominence to principles and subordinated 
details, so that his work will prove attract- 
ive to the general reader as well as to the 
class-room student. It is profusely and ele- 
gantly illustrated, in a style of which the 
reader will be enabled to judge by referring 
to the article on "Geysers," in the present 
number of the MONTHLY, which is borrowed 
from the volume. This treatise is by an 
eminent working geologist, one who knows 
the subject thoroughly in its latest aspects, 
and we can commend it without qualifica- 
tion to a1l who desire an intelligent ac- 
quaintance with the science, as fresh, lucid, 
full, authentic, the result of enthusiastic 
study and of long experience in the art of 
teaching mature classes. 


DETERIORATION AND RACE EDUCATION, WITH 
PRACTICAL ApPLICATION TO THE CONDI- 
TION OF THE PEOPLE AND INDUSTRY. By 
SA
fUEL ROYCE. New York: Printed by 
Ed ward 0 . Jenkins, 
o North ""l11ia,m 
Street. Pp. 504. Price, 84.50. 
IN this book education is considered 
from a broad, humanitarian point of view, 
and in connection with the great causes of 
dpcay and deterioration that are operating 
in society. The wealth of facts and materi- 
als of aU kinds that the author has brought 
together seems to have proved somewhat 
embarraf::sing to him, as he has hardly suc- 
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ceeded in bringing them into close logical 
method. But be has collected a great deal 
of interesting material, interspersed with 
valuable observations and reflections, and 
the volume is pervaded by a reformatory 
and progressive spirit. :Mr. Royce's chap- 
ter on " Classical and Scientific Education" 
contains much good sense, and his opinions 
are very decided, as the following passage 
illustrates: "Emerson says that he has 
not met in all his travels in America with 
half a dozen men who could read Plato 
profitably. This whole Greek and Latin 
scholarship is an imposture, the writing of 
rnisel'able verses in these languages in- 
eluded. There is not one teacher in ten 
who has sufficient knowledge of these lan- 
guages to derive from them a higher cult- 
ure. The learned apparatus requisite for 
their thorough understanding requires the 
study of a lifetime. :Must hundreds of 
thousands of students in the laud throw 
away their years and opportunities for the 
sake of a few hundred Latin and Greek 
roots, which can be leal'ned by any English 
student with the help of an etymological 
hand-book in a few weeks, if not days?" 


NOTES ON LEATHER. By Lieutenant D. A. 
LYLE. 
THESE "Notes," published by order of 
the Secretary of 'Var for the use of the Ord. 
nance Department of the U. S. .\rmy, con- 
tain a large amount of useful and practical 
information c
mcerning hides and the manu- 
facture of leather. Sundry fraudulent prac- 
tices used in tanning are pointed out, and 
their effects on the leather de:;;cribed. The 
author does not undertake to give judgment 
on the comparative merits of oak.tanned 
and hemlock.tanned leather; it would re- 
quire an exhaustive series of experiments to 
decide this question ultimately. 


TRA
SACTIONS OF THE KANSAS ACADEMY OF 
SCIENCES. Topeka: Kansas Publishing- 
House. Y 01. V. Pp. '75. 
A
roNG the papers published in this \01. 
ume are several natural history catalogues 
relating to the botany and entomology of 
Kansas, a meteorological summary for 18'76, 
essays on evidences of anciC'nt forests in 
Kansas, on rivC'r-bluff
, tile habits of prairie- 
do
s, the influence of fooù-seJection upon 
animal life, etc. 
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THE A, B, C, OF FI
.AXCE. By SnfON KEW- 
COlIB, LL. D. .Kew York: Harper &, 
Brothers. Pp. 115. Price, 25 cents. 
PROF. NEWCOMB is an astronomer, and 
of course mostly interested in the stars, but 
he finds time to give a portion of his atten- 
tion to the affairs of his country, and he, 
moreover, makes a contribution where it is 
most needed. It is in the field of finanC'e 
that the nation now needs the greatest help, 
and we agree with Prof. Newcomb that the 
popular instruction at present most urgently PCBLIC HEALTH REPORTS AND PAPERS. Vol. 
demanded is in the A, B, C, of financial sci
 III. Presented at the :Meetings 'of the 
euce. In the miniature form of "Harper's American Public Health Association in 
the Years 1875-1876. KewYork: Hurd 
Half-Hour Series" the author bas brought 1'_ H O' ht P 241 P . <:.> 4 
ü, ou o on. p. . rICe, r;> . 
out a succession of chapters on "Labor," . . 
" Capital," " 'Vages," " Value," the" Differ- A:MOXG the most Important volumes 1S- 
t K . d f ,r " " p bl ' F . th " a d sued from 0111' press are the reports of the 
en m s 0 ..lloney, u lC al , n I .. . . 
the" Lessons of History," which are written Amefl
an Pubhc Health A
socJab
n. They 
in a clear, simple, instructive, and most con- I comprIse papers on a vaflety of Important 
. . S h . bi l ' ttl 0 k t topics, connected with the he3lth of tbe 
vmcmg manner. uc mm e 1 e p c e -. .. . 
b k . t dl . th I commumty, by our most emment samtarmns; 
00 s, pom e y summmg up ese arge I 
b . t t d b th 0 I d and they will be generally found valuable as 
su 
ec s, are wan eye pe p e, an are. . . 
1.1 f d . ffi . t . th summmg up, and statmg In a clear and read- 
capa ute 0 omg more e clen serVIce an 
I b I I able form, the results of long study and 
arger 00 is. I . 
well-directed investigatIOn. Among so ex- 
R C ' "1.f' T R I cellent an array of articles as the present 
OBI
SON nrSOE s illOXEY: OR, HE \E- ... .. . 
)fARKADLE FI
ANCIAL FORTUXES AND :MIS- volume furmshes, It seems mVIdIOus to dlS- 
FORTlJNES OF A RE:MOTE ISLA
m Cmnm- I criminate, and in especially commending the 
NITY. By DAVID A. 'V ELLS. :Kew Yo
k: papers of Dr. Austin Flint, on "Food in its 
Harper & Brothers. Pp. 118. Pflce, I Relations to Personal and Public Health;" 
50 cents. of Prof. ".,. ashburn, on "Expert Testimony 
I
 this small vo!
me :Mr. 'V ells inculcates I and tIle Public Service of Experts;" and of 
tbe lessons of pohtICal economy through a Mr. Charlton Lewis, on "Tbe Influence of 
sort of allegorical. artifice, in which 
o
-I Civilization on the Duration of Life," we do 
mercial and finan
IaI truths a?d absurdltl:
 I not for a moment imply that the other 
is- 
are brought out III a dramatIc way that 1::1 r cussions of the volume, all of them on Im- 
both amusin.g and instr
ctive: :Man! who I portant subjects, are not of equal interest 
would 
ot lIke a dry, dIdactIC trea
lse on I and ability. This series of reports should 
economICS would be pleasantly begUIled by be found in the libraries of all who take in- 
Mr. 'VeUs's imaginary narration, while the J terest in the vital subject of personal and 
characteristic illustrations, by N ast, will public hygiene. 
serve to help on both the fun and the logic I . 
of the text. FRml Prof. C. V. Riley we have received 
a reprint of five papers contributed by him 
to the "Transactions" of the St. Louis 
Academy of Sciences; their titles are as fol- 
lows: "Larval Characters and Habits of 
the Blister Beetles belonging to the Genera 
}'Iacrobasis and Epicauta ,." "On a Remark- 
able New Genus in l1Ieloidæ ,." " Notes on 
}'Iegath.1jmus !11tCCæ,." "Remarks on Pro- 
nuba yuccasella,." " Differences between 
Anisopteryx pomdaria (Harr.) and Aniso. 
pieryx æsculm'ia ('V.-V.)." 


A NEW TREATISE O
 STEA
I-EXGlNEERI
G, 
PHYSICAL PROPERTIES OF }'>ER:MA"SEST 
GASES, AXD OF DIFFERENT KISDS OF 
Y APOR. By Jom
 'V. NYSTROM, C. E. 
K ew York: G. P. Putnam's Sons. Pp. 
188. Price, $1.50. 
THIS book consists of numerous tables, 
data, and information, which appear to the 
author to be wanting in the profession, and 
which have not heretofore been published. 
Among the topics are horse-power of steam- 


boilers, chimneys, combustion, properties 
of fuel, smoke-burning, water-gauges, Rafe- 
ty-valves, radiation, steam-boiler explosion, 
strength of steam-boilers, compression and 
expansion of air, properties of water and 
stearn, and various other subjects of inter- 
e::;t to engineers. The author rejects no 
less than thirty-eight terms or phrases that 
have grown up, and come into modern use 
in mechanical science. 
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ANNUAL REPORT OF TIlE BOARD OF REGE
TS I pared for a manual designed to be published 
OF THE 

IITHSO
IAS INSTITU!IO.
 FOR THE by the Navy Department. The publication 
YEAR 1876. Government Prmtmg-Office, of the manual havin a been abandoned the 
".. ashington. Pp. 488. .. 0 d . 'tT 

 
treatIse was IIlcorporate mto \' an .n os- 
IN addition to the report of the secreta- trand's" Science Series." 
ry, on the operations, expenditures, and con- 
ditions of the In:;titution, this volume con- 
tains the following elaborate and important 
papers. "Eulogy on Gay-Lussac," by M. 
Arago; "Biographical Sketch of Dom Pe- 
dro II., Emperor of Brazil," by Anpriso 
Fialho; "Kinetic Theories of Gravitation," 
by 'V m. n. Taylor; "The Revolutions of 
the Crust of the Earth," by Prof. George 
Pilar; "Ethnology," by Otis T. Mason. 


TIlE RELIGIOUS FEELI
G, A STUDY FOR FAITH. 
By NEW11AS S
IYTII. New York: Scrib. 
ner, Armstrong & Co. Pp. 171. Price, 
81.2:>. 
THIS is an earnest, and intended to be 
a philosophic and liberal, discussion of the 
modern problems of religious thought in re- 
lation to science, positivism, and Darwinian 
and Spencerian doctrines. It is too Lrief.to 
have finisbed up the inquiry; but its issue 
is thus stated by the author: "The problem 
of problems, upon which the thought of 
our time labors, may be reduced in the last 
analysis to the simple alternative: is man, 
th
ough whatever intermediate forms he 
may have descended, the son of God, or is 
he the unintended product of molecular 
forces? " It is hardly necessary to say that 
the writer accepts the former alternative, 
and vigorously belabors the schoo] of think- 
ers which he charges with holding the latter 
opinion. 


SANITARY CONDITIO
 OF CITY AXD COUXTRY 
HOUSES. By G. E. \\T ARING, JR. Pp. 14;j. 
'IAGNETISY OF IRON VESSELS. By F. 
ROGERS. New York : Van Nostrand. 
I)p. 126. Price, 50 cents each. 
TilE first of these little volumes contains 
two papers read by Mr. 'Varillg at meetings 
of the American Health Association, togeth- 
er with the rather voluminous correspond- 
ence occasioned by their publication in the 
American ArclÛtf'ct. In this correspondence 
::3ome of the author's facts and conclusions 
are criticiscd by other sanitarians. )lr. 
'Varing's replies to these strictures form 3. 
very valuable appendix to the ori
in31 pa- 
pers. Of the other volume named above, 
we need only f'ay that it was originally pre- 


now TO USE THE 'MICROSCOPE. By J OH
 
PH IN. Kew York: lndu::!trial Publica- 
tion Co. Pp. 181. :Price, 75 cents. 
Two years ago we noticed the first edi- 
tion of this little manual for beginners with 
the microscope, and now we have to record 
the appearance of a second edition, fully 
illustrated and greatly enlarged. Its essen- 
tial character as an elementary treatise is, 
however, still rigidly preserved. 


.A.NALES DEL 1tlrsEo XACIO
AL DE lIÉXICO. 
)[éxico: Imprenta de C. Ramiro. Y 01. 
I., Part I. Pp. 46. 'Vith Plate. 
TIllS initial number of the" ..\nales" is 
devoted mainly to Mexican archæology. 
The principal paper is a descriptiOfl, by Don 

Ianual Orozco y Berra, of a curious cylin- 
drical monument of stone, tbe Cuauhxicalli 
of Tizoc, supposed to be a sacrificial stone 
employed in human sacrifices. This mon- 
ument is elaborately engraved with human 
figures. The second paper is by Dr. G. Men- 
doza, and describes an Aztec idol of Chi. 
nese type, found in a tumulus in the State 
of Puebla. The third and last paper is a 
general introduction to the" Paleontology 
of Mexico," by Mariano Bárcena. 


PUBLICATIO
S RECEIVED. 


.Why we Trade nml How we Trade, pp. 67; 
The Silver Question, pp. 47, both by D. A. Wells; 
The Tariff Question by II. White, pp. 30. New 
York: Putnam's Sons. 26 cents each. 
Rotation of the Earth. By W. L. Walker. 
New York: S. "-T. Green. Pp.64. 
The Kabbala, or Trne Science of Li!!ht. By 
Dr. S. Pancoast. Philadeìphia: J. :\1. Stoddart 
&, Co. Pp. 312. $2. 
Transcendentalism. Bv J. Cook. Boston: 
J. R. Osgood & Co. Pp.303. $1.50. 
:\fanual of Ueatin!! nn(l Ventilation. By F. 
Schumann, C. E. New York: Van Nostrand. 
PlJ.89. $1.50. 
Daily Bulletin of the Si!!na1 Rervice, United 
States Army, for September, 18i4. 
What was He? or, JCSt18 in the Light of the 
Ninetef'nth Century. By ,to D<<:,nton. Welles- 
l('y. Mass.: The author. Pp. 23!)' Paper, $1; 
cloth, $1.25. 
'l'he 
piritnal .\
pect Nntnre pr(>sentE\. By 
J. "
i1mshur8t. Boston: Colby & Rich. Pp.151. 
35 cents. 
The Silver Country of the Southwest. By A. 
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D. Anderr3on. New York: Putnam's Sons. Pp. 
221. $1.75. 
J\{echanics of Ventilation. By G. \V. Rafter, 
C. E. New York: Van Nostrand. Pp. 96. 50 
cents. 
Golden Songs of Great Poets. Ncw York: 
Sarah H. Leggett. Profusely illustrated. $5. 
The Action of Medicines. By Dr. I. Otto 
Philadelphia: Lindsay & Blakistun. Pp. 168. 
$2. 
Notes frum Chemical Laboratory of Johns 
Hopkins University. Nos. 4-8. 
Mansil1's Almanac of Planetary "Meteorology. 
1 Bi8. Rock Island, Ill.: R. Crampton. Pp. 60. 
50 cents. 
Ueber die als echt nachweisbarcn Assonan- 
zen der Chanson de Roland. Von A. Rambeau. 
Pp.38. 
Are the Indians dying out? Washinaton: 
Government Printing-Office. Pp. 42. '" 
:Mound-making Ant!'! of the AJleghenies. By 
Rev. H. C. McCook. Philadelphia: 
old by J. 
A. Black. With Plates. pp.43. 75 cents. 
Relation of )foisture in Air to ßealth. By 
R. Briggs. Philadelphia: 'Yo 1>. Kildare print, 
Pp.33. 
Papers read before the Pi Eta Scientific So- 
ciety. Troy: The Society. PI" 40. 
The Preliminary Arctic Expedition. Wash- 
ington: Beresford print. Pp. 32. 
neport of the Asylum at Walnut Hil1, Bart- 
ford, Conn. Pp. 20. 
The Hea,renly Bodies; How they move. By 
D. :McDonald. 
Iontreal: Gazette print. Pp.45. 
ImmortaJity. By W. Br\)ss. Chicago: Jan- 
Ben, McClurg & Co. Pp. 8. 
Direct Process of making' Iron and Steel. 
By C. M. Du Puy, C. E. PbÌladeJphia: W. P. 
Kildare print. Pp. 12. 
Medical Jurisprudence of Insanity. BJ Dr. 
H. Howard. Montreal: Gazette print. Pp. 13. 
Every Saturday (weekly). Buffalo: D. 
Welch. Pp. 12. 
A Decimal Gat
e for Sheet-)Ietal and Wire. 
By R. BriggEl. C. 1!;. Philadelphia: W. P. KÏl- 
dare print. Pp. 13. 


POPULAR MISCELLANY. 


:Dleyer's Eledrical Apparatus for Begin- 
ners.- 'Ye some time ago noticed the admi- 
rable little work on electricity by Prof. Tyn- 
dall, which grew out of a course of holiday 
lectures to a juvenile audience at the Royal 
Institution. This book, "Lessons in Elec- 
tricity," is designed as a guide for beginners 
to go through a course of electrical experi- 
menting. The main purpose that he had in 
view, in preparing this little volume, is thus 
stated: "I had heard doubts expressed as 
to the value of science-teaching in schools, 
and I had heard objections urged on the 
score of expensiveness of apparatus. Both 
doubts and objections would, I considered, 
be most practically met by showing what 
could be done in the way of discipline and 
instruction by experimental lessons, involv- 


ing the use of apparatus so simple and inex- 
pensive as to be within everybody's reach." 
Of course there can be no experimentinl1' 
o 
without the necessary instruments, and, if the 
work is to be pursued so as to yield its proper 
benefits, the apparatus must be sufficient to 
cover a definite field of study. Prof. TJndaU 
has marked this out in his little volume, anù 
given figures of the various articles that 
will be required. .An ingenious pupil can 
do something-after a time he can do much 
-in the way of widening his resourccs for 
making experiments, but he will at first re- 
quire that the tools be ready at hand. A 
philosophical-instrument maker of Kew 
York, :Mr. Curt 'V. Meyer, having been ap- 
plied to for various articles suitable for ru- 
dimentary experiments in electricity, con- 
cehred the idea of meeting this demand by 
preparing the complete set of instruments 
needed for the illuE:tration of Prof. Tyndall's 
book. These he has manufactured and put 
up in cases for transportation, so that tho
e 
who wish to enter upon such a course of ex- 
periments will be spared all trouble in se- 
lecting or making the instruments necess
ry 
for the purpose. The price is such that 
many boys will probably be unable to pro- 
cure it, but there are not many schools that 
by a little effort could not get the apparatus 
for the use of their pupils. Electricity is ad- 
mirably adapted on many accounts for intro- 
ducing the young to the scientific study of 
natural objects and agents, and in furnish- 
ing them with the facilities and equipments 
for the work Mr. 
Ieyer has done them a 
very useful service. 


Dlscot"ery of 1'Iont ßlaut'.-}font Blanc, 
the highest of the Alps, is, strange to say, 
a modern discovery. At least, no mention 
is made of this colossus of European peaks 
in any itinerary, or in any literary \\ork 
whatever, till recent times. :M. Charles 
Durier, in his work "Le Mont Blanc," 
says: "This mountain rises in the centre 
of the most populous and civilized states 
of Europe; it is, in fact, the axis around 
which European civilization has revolvcd 
and still does revolve; its height is con- 
siderable; it dominates everything in its 
vicinity, and, to make its appearance more 
striking on the backgronnd of the blue sky, 
its summit, though placed in a favored, 
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temperate latitutle, is ever covered with a 
mantle of snow. And yet during twenty 
centuries no historian, no traveler, fiO sa- 
vant, no poet, names it, or so much as al- 
ludes to it. As the sun describes his daily 
track, that peak throws its sbadow upon 
at least three countries possessing different 
languages, but still it was profoundly ig- 
noreò." The same author informs us of a 
map of the region round about Mont Blanc, 
published in the second half of the six- 
teentb century, but which gives no hint as 
to the existence of the mountain, which, 
nevertheless, i8 visible from all sides at dis- 
tances of sixty leagues. 


Eal'thqnakes in Japan.-It is a well- 
known fact that the number of earthquakes 
in any given region liable to such disturb- 
ances is greatest in that part of the month 
when the moon coöperates the most effec- 
tively with the sun in proòucing an attrac- 
tion upon tbe earth. 
Out of forty-eight earthquakes, observed 
in the years 1875 and 1876, I find that 
thirty-seven occurred on one of the five 
days immediately preceding, or on one of 
the five days immediately following, full 
moon: in other words, that in a period of 
twenty-eight days there were only eleven 
earthquakes falling within a limit of seven- 
teen days, while on the remaining eleven 
there occurred tbirty-seven-a dispropor- 
tion too grpat not to be taken into account. 
I may add that, thus far, the shocks ob- 
served in 1877 are even more noticeably in 
accordance with the above facts. 
W. E. P ARSO
. 
TOKIO, JAPAN, November 3, IS';7. 


An A
ricn1tnral Detective AgenfY.- ,,- e 
have received the "Bulletin" for October 
of the Connecticut Agricultural Experiment 
Station at New Haven, containing analy- 
ses of thirty-one specimens of fertilizers. 
This" station" is prepared to test an kinds 
of fertilizeI'd, seeds, cattle-foodi=1, etc., free 
of charge, for the use and advanÞ\ge of 
citizens of Connecticut. The establishment, 
therefore, is clearly one of great public 
utility, and deserving of generous support. 
.Farmers are too often the victims of char- 
latans, who palm off upon them their worth- 
less fcrtilizers, insect-destroyers, seeds, etc., 
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at prices enormously in excess of their real 
value. This agricultural station will in time 
put a stop to such fraud in Connecticut. 
As an instance of the sort of work to be 
expected from the very competent chemists 
who make the analyses, we may cite the first 
table given in the present circular. nere, 
two kinds of fertilizing compositions are an- 
alyzed, and shown to possess about the same 
value as harbor-mud, but the purchaser was 
made to pay a very high price, indeed, for 
this mud, when dubbed "composition for 
vegetables," or " composition for grass." 


A New Spedes of 
Ionkey.-There are 
now in the Alexandra Palace, London, six 
live specimens of a monkey new to science, 
the .JIacacus geluda, a native of the moun- 
tains of Abyssinia, where it lives at an eleva- 
tion of from 7,000 to 8,500 feet above the 
sea-level. One of these monkeJs is an adult 
male. It is hairy over the whole of the 
body, with the exception of a pink patch 
free from hair on the chest, and a space 
around the throat of the same color. 'Vhen 
the animal becomes angl'y or excited, these 
pink patches turn bright-red. The nostrils 
are high up from the upper jaw, and the 
upper lip is so mobile that it is often turned 
up so as to show the whole of the upper 
teeth and gums. The tail is long and thick, 
and ends in a tuft resembling :;:omewhat a 
lion's tail. The color of the hair is brown, 
except around the breast, where it is gray_ 
The bare part of the chest shows two male 
indications of teats. The female has not 
such long haÍl' as the male, and on the bare 
spot in front are two well-den
loped teats. 
The young monkey takes one in each hand
 
and sucks from both at once. ',hile these 
animals have rejected all fruits, they have 
eaten Indian-corn and grass, taking the 
grass, Plllling it apart, and making it into 
little baIls. In their native habitat, these 
monkeys sleep in cave
, and in London 
they sleep in a large box, the old male re- 
maining on guard near the entrance. 


Inn'ntion of the Torpedo.-Perhaps the 
earlif'st of all torpedoes was that inyented by 
David BushneU, of Connecticut, a little over 
one hundred years ago. Bushnell's idea 
was, to fix a small powder-magazine to the 
bottom of a vessel, and to exploòe it by a 
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clock-work arrangement. In order to do I On tbe other hand, according to this author, 
this, he contrived a tortoise-shaped diving- the highest stature is attained by the Nor- 
wegians, in Europe, the Kaffi I'S in South Af- 
rica, some Indian tribes in Korth America, 
the Polynesians, and tbe Patagonians. The 
mean stature of the last-named people, ac- 
cording to the statements of the most trust- 
worthy observers, is 1.781 metre (5.84169 
feet); the mean of natives of the different 
Polynesian archipelagoes is 1.762 metre 
(5.77937 feet). The mean stature of the 
human race is about 1.600 metre (fiv
 feet 
three inches). 


boat of iron plate, which contained air 
enough to supply a man for half an hour. 
This boat was propelled by a sort of screw, 
and guided by means of a compass made 
visible by phosphorus. The torpedo was 
carried outside of the boat, but could be 
detached by the concealed operator with- 
in. It was connected by a line to a 
screw, wbich was to be driven into the bot- 
tom of the hostile ship. As soon as this 
was effected, the wrpedo was to be cast 
off, when it floated against the vessel's side. 
The action of casting-off set the clock-work 
going and then the operator had time to 
retire to a safe distance before the catas- 
trophe. This torpedo and submarine boat 
were actually tested against an English sixty- 
four-gun brig early in the \Var of Indepen- 
dence, but the attempt to blow up the ves- 
sel was unsuccessful. No further effort ap- 
pears to have been made to turn this inven- 
tion to account. Nevertheless, to Bushnell 
the honor belongs of having been the first 
to destroy a vessel by a torpedo. In an 
attack on the Cerberus frigate with a towed 
torpedo, he blew up a schooner astern of 
the frigate, and killed three or four men on 
board. This schooner was the first vessel 
ever so destroyed. 


Artifidal Ire.- "r e select from a report 
in the Lancet, on h Ice-making Machines," a 
description of a machine designed to pro- 
duce ice on the large scale. A cistern, 
somewhat like a tubular boiler, contains 
some ether, which is the refrigerating agent. 
The vapor escaping from the ether is 
pumped, by a double-action air-pump, into 
a condenser surrounded by cold water; 
thence the ether, now once more liquid, 
flows back to the cistern. The evaporation 
of the ether causes the cistern to become 
intensely cold, and this cold is rapidly com- 
municated to a strong solution of common 
salt, in which the cistern is immersed. The 
very cold brine so obtained is caused to 
circulate through flat, hollow, and vertical 
partitions of tinned copper, in a tank filled 
Hnman Statnre.-Treating of "Human with pure water. Ice quickly forms in 
Stature," a writer in the Revue d'Anthropo- smooth slabs on the partitions, and is from 
Logie gives 1.585 metre (about 5.199 feet) time to t

e rem.oved as the sla.bs acquire 
as the lowest mean stature of males among th
 re
Ulslte thIckness. 
he Ice so oh- 
th E . 1 . 1 . trl . bes of the tamed 18, of course, exceedmgly pure, and 
e squllnaux, W 11 e 1D some 
th h th compara I is said to waste less and cost less than 
8ame race e mean reac es e - 
th
ely high figure of 1.708 metre (about natural ice. !n this m
chi
e the ether is 
5.60225 feet). This flatly contradicts the condensed agam and agam wIth scarcely any 
belief that cold climate':! produce only men I loss, and the only expenses after the origi- 
f 1 t t A th L S the nat outlay are, therefore, for rent, fuel, and 
o ow s a ure. mong e app 
mean stature of men is 1.535 metre, and of labor. 
women 1.421 metre. The Fuegians, so far 
from being diminutive, are above the aver- 
age stature of the human race. The Bush- 
men rank among the most diminutive, the 
average stature of both sexes being under 
1.400 metre. The Akkas attain prpcisely 
tbe same average. The mean stature of six 
Obongo women, measured by Du ChaiUu, 
was 1.428 metre. Neither the Negritos nor 
the Andaman-Islanders can compare for lit- 
tleness with the Bushmen of South Africa. 


11lineral ('aoutrhour.-In prescnting to 
the .Academy of X atural Sciences of Philadel- 
phia specimens of mineral caoutchouc from 
South Australia, :Mr. Galloway C. Morris 
stated that the substance is found during 
the dry season in a limited area of country 
of a swampy nature in the Coorong dif'trict. 
It occurs in sheets from the thickness of 
writing-paper to about five-eighths of an 
inch. It is made into illuminating oil. Of 
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the basin in which it is íound the surface is 
sand, either white and barren or brown and 
loamy, with occasio
al ridges or distribu- 
tions of limestone. K ext below this is segre- 
gated lime::;tone, hard and approaching crys- 
tallization, tbe interstices filled witb light- 
brown tenacious day, followed by compact 
light-red sandstone of various thickness, 
fading in color and consistence until it 
touches the water and merges into quick- 
sand. On the lowest flats fissures occur in 
the limestone; the orifices are very small 
and irregular, but reach to the underlying 
quich:sand. The fonowing is the result of 
an analysis of this mineral caoutchouc: 
:Moisture.. .. . . . . . . . . . .. . . .. . . . .. 0.4682 
Carbon. . . . . . . . . . . . . . . . . . . . . . . . .. 64.7300 
Hydrogen.. . . . . . . . . . . . . . . . . . . . .. 11.6300 
Ash... ......................... 1.7900 
Fixed carbon................... 1.0050 
Oxygen, and otheL. unestimated 
matters. ........ . ... . ... ... 20.3768 


100.0000 


Living Out-of-Doors.-A retreat for con- 
sumptives should po
sess above all things 
an equable temperature throughout the 
year, so as to favor living out-of-doors at 
all seasons. The advantages possessed in 
this respect by the Hawaiian or Sandwich 
Islands can bardly be surpassed. Tbe cli- 
mate there, says Dr. H. B. \Vhite, in the 
" Proceedings" of the Kings County 
Iedi- 
cal Society, in its average temperature and in 
equability, may be said to be perfect. These 
islands are situated between 19 0 and 22 0 
north latitude, where the trade-winds blow 
with great regularity about ten months of 
the year. Though lying within the tropics, 
the temperature is modified by the constant 
fresh breezes. In the language of Hawaii, 
there is no word for weather. The most 
favorable situations for consumptives are, 
according to Dr. 'Vhite, TIonolulu, Lahaina, 
Ulepalekua, Kailua, and Ewa. The main 
temperature on and Dear the coasts is 75 0 
to 79 0 for the warmest months, and 72 0 for 
the coldest. During Dr. \Vhite's four years' 
residence at Lahaina the maximum was 84 0 , 
and the minimum 61 0 , while the general 
average for the summer months was 82 0 for 
mid-day, and about 72 0 for the winter 
months. By ascf'nding the mountains a few 
miles inland, almost any degree of tempera- 
ture can be obtained. 
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" Fa..eweU." 
FAREWELL! I thought you loved me once-that 
dream is past forever! 
Farewell! [must forget you now; that is, I 
must endeavor. 
From all your vows of constancy I set you free 
henceforth, 
And you needn.t try thel11 on again, I know now 
what they're worth. 


You have quite ceased to care for me; with 
science you've been bitten, 
Since you read that very stupid book that 1\Ir. 
Darwin's written. 
I can't think what it signifies; I'm f\ure I never 
wondered 
Whether we all descended from one" type" or 
from a hundred. 


If you remained unaltered, I shouldn't care the 
least 
About the variability of any bird or beast; 
But you carry out tbe principle of change and 
variation, 
So I leave you to your science-may it prove a 
consolation! 


I call it such a waste of time, bothering about 
these things, 
Rackl.ng one's brains to find out why opossums 
haven't wings. 
Of course, it's very curious spiders should live 
on flies, 
And that the tails of peacocks should be so full 
of eyes. 


Of course, it's all most interesting, there's not 
a doubt about it, 
But I think that you and I, dear, were happier 
without it ; 
f'o I act on this idea of Natura] Selection, 
And beg you to accept of my definitive rejection. 


Yet the light of all my life is quenched, my hap- 
piness gone by; 
I sha'n't U struggle for existence;" I shall jUf:t 
lie down and die. 
Each hour I live apart from you my misery in- 
creases, 
And it's all through 1\1r. Darwin and hiE! "Ori- 
gin of Species." 


ImpI'o-rcmcnts in Photo
raIJhf.-Both 
the chemist and the practical photographer 
wiII be interested in a communication from 
:Mr. :n. Carey Lea, published in the Ame1'i- 
can Journal of Science for July on certain 
new means of developing the latent photo- 
graphic imnge. It has been supposed that 
only very few bodies po
sess this singular 
power of developing, but Mr. Lea's re- 
searches show-I. That, on the contrary, 
such bodies are very numerous; 2. That, 
contrary to what bas been generalIy held, 
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potash is a more powerful developing agent I the tar only forms a casing about the wood. 
than ammonia; 3. That, so far from it being Timber that is exposed to the action of 
true that the most energetic form of devel- water or let into the ground should first be 
opment, when no soluble salt of silver is charred, and then while still warm should 
present, is that which depends on the use of be treated with tar till it is fuBy impreg- 
free alkali, a most powerful development nated. The acetic acid and oils contained 
may be had without free alkali; 4. That in the tar are evaporated by the heat and 
ferrous salts do not act only in the presence only the resin left behind, which penetrates 
of a soluble salt of silver. \Ve have not the pores of the wood and forms an air- 
space to describe the me(hod followed by tight and water-proof coating. It is impor- 
the author in his researches, but must con- tant to impregnate the posts a little above 
tent ourselves with simply stating the p1'Ïn- the line of exposure, for here it is that. the 
cipall'esults, referring the reader who desires procesR of decay affects the wood first, and 
fuller information to the pages of our con- where the break alwa)Ts occurs when a post 
temporary. Among the bodies found by is r('moved from the earth or strained in 
Mr. Lea to possess the power of developing testing. 
... the latent image are sugars, manna being 
especially noteworthy as producing, under 
certain conditions, "an image as bold and 
strong as any substance hitherto known." 
Of the glucosides some give good images. 
Of s('veral organic acids tried, only one, 
cevadic acid, exhibited tolerable developing 
power. The resins exhibit more or less de- 
veloping power, guaiacum being nearly as 
energetic as pyrogaBol itself. Among the 
essential oils, the oil of cloves yields a strong, 
clear image, and good results are also ob- 
tained from oil of Rom::ln camomile and 
oil of peppermint. The organic bases ex- 
hibit little developing power. Concerning 
pyrogallol the author writes that with potas- 
sium formate it give::; better results tha.n 
with any other substance. A large number 
of vegetable substances were hied, with 
varying results. Finally, the author experi- 
mented with cuprous oxide and with ferrous 
salts: a colorless solution of the former in 
ammonia develops a strong image; but the 
salts of ferrous oxide "proved to be the 
most interesting and remarkable of all the 
bodies pxamined, in their action on the 
image. " 


Preservation Gf Wood by charring and 
tnrring.-A writer in the Industrie-Blätter, 
in remarking on the methods of preserving 
wooden posts by charrin
 and coating with 
tar, says that these methods are effectual 
only when both are applied. If the posts 
are only charred, the charcoal formed on 
the surface acts only as an absorber of 
moisture, and real1y hastens decay. By 
applying tar without previously charring, 


Eartlnrorms in Agrlfn1tnre.-That the 
earthworm is of great service to the ag- 
riculturist is shown by the author of a 
paper, the substance of which we find in 
IJie lr
atur. Not only does the earthworm 
not attack or injure the roots of plants; on 
the contrary, it aids them in their growth 
by excavating passages through which they 
can penetrate into strata otherwise inacces- 
sible to them. And, as the overground por- 
tion of a plant is always proportioned to the 
length and number of its roots, it is plain 
that the earthworm is of great benefit to 
the plants in its neighborhood. The author 
placed an earthworm in a flower-pot con- 
taining a growing Dracæna two and a balf 
feet in height. The worm was left undis- 
turbed for some time, and soon it was found 
that it had passed through itself at least 
one-half of the earth in the flower-pot. Tbe 
soil was in this way improved, many in- 
soluble constituents being rendered soluble. 
The author's conclusion was that, inasmuch 
as he could discover no injury done to the 
roots of the Dracæna, the worm had fed on 
the remains of plants in the earth, utilizing 
and decomposing them thoroughly. 


Drowning - Accidfnts.-The advantages 
of "paddling" and" treading water," as a 
means of escaping from drowning when one 
is suddenly precipitated into deep water, are 
set forth by a writer in the Sanitm'y Reco1.d. 
The motions performed in the acts of pad- 
d1ing and treading require no previous in- 
struction, and in the great majority of cases 
would save life. In swimming, the mouth 



is on a level with the water in the intervals 
of the strokes; in paddling, the head is well 
elevated; the individual is able to look 
about, he can deliberate as to what is best 
to be done, and he is much less liable to 
take water into the larynx or glotti:3. 'Vith- 
out prejudice to the art of swimming, chil- 
dren should be exel'cised fl"om the tenderest 
a 6 e in the act of paddling and treading 
water, so as to impart confidence to them. 
EveQ. without any preHminary practice what- 
eVf'r, there is nothing to hinder man, woman, 
or child, from beating the water with the 
hands and feet, just as the lower animals 
do, and so keeping themselves afloat for a 
protracted period-a pel'Ìod that in a mul- 
titude of instances would be sufficient to 
invite rescue, and presel've life. The action 
of the feet alone will sustain the body; 'a 
forUm'.i, the action of both feet and hands 
will prove yet more effectual. In this, as 
in many other things, man is too often un- 
aware of his own immense capacities. 


Peppermint-Cnltore.- 'Y e take from the 
Polytechnic Review the following notes on 
the cultivation of the peppermint-plant in 
the United States: Of the entire crop, fully 
two-thil'ds is produced in :Michigan. The 
soils best suited for the cultivation of pep- 
permint are the black-ash swamps of 'Yest. 
crn New York, and river-bottoms. The 
land must be drained to allow it being 
worked early in spring. The one-year roots 
are planted in ploughed land in rows, the 
space between the rows being from eighteen 
to thirty-six inches. During the first year 
the ground mnst be kept free from weeds. 
The plant contains most oil at the period of 
blossoming, or just afterward, and the crop 
must be gathered on a dry day. 'Yithin a 
day or two after cutting it is carried to the 
still and the oil extracted. There must be 
a good supply of water to make distilling 
successful. If dried too much, there is a 
loss in leaves falling off, and the yield of oil 
greatly diminished. The mint-straw, on be- 
ing dried, is readily eaten by animals in 
winter. The aunual product i
 about 70,- 
000 pounds, the greater part of it bcing ex- 
ported to Europe. 


rses of Castor-Oil In the Arts.-Castor- 
oil was formerly employed only as a medici- 
nal agent; but now its uses in the arts are 
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manifold, and its manufacture has come to 
be a considerablc industry. 81. Louis is the 
centre of this industry in the United ;:;tate8, 
and nearly all the castor-beans grown ill 
this country are produced within a circle 
of about 200 miles south and southwest 
of that city. The chief uses of castor-oil 
in the arts are, according to the Shoe and 
LeatluJ1' Rep()'rtcr, as a lubricator for coach 
and carriage axles, in the manufacture of the 
best shoe-blacking, as a dressing for calf. 
skins, for treeing boots, as a substitute for 
neat's.foot oil, and keeping leather soft, mel- 
low, and pliable. Crude castor-oil is uSf>d 
largely in the manufacture of morocco. It 
will not" fry" or "gum," and imparts soft- 
ness and weight, and leather prepared with 
it remains mellow and pliable. The crop of 
castor-beans for the year 187:} was 303,498 
bushels; in 1876 the crop was only about 
one-half as large. Last year a firm in St. 
Louis made, from 125,000 bushe1s of beans, 
7,000 barrels (47 gallons each) of crude 
castor-oiL 


NOTES. 


THERE wiH be two solar eclipses this year, 
one on the 1st of February, the other on 
the 29th of July. Tbe former will be central 
and annular as observed from high southern 
latitudes; the lattel' will be total in tbe 
western part of North America. It will be 
best observed at Denver, Colorado. 
THE" Copley :Medal" for 1877 haR been 
awarded by the London Royal Society to 
Prof. James Dwight Dana, of Yale College, 
for his biological, geological, and minera- 
logical investigations carried on through 
half a century, anù for the valuable works 
in which his conclusions and ùiscoveries 
have been published. 
A PRIZE of $20,000 is offered bv the 
Council General of Guadeloupe for thè best 
new process for extracting the juice from 
sugar-cane, the cost not to exef>ed 40 per 
cent. of the market value of the product. 
The prize is open to competition till June], 
1880. 
NUMEROUS facts are cited bv the Aus- 
tralian explorer, Landsborough, ,;hich go to 
prove that dense forests are on the increase 
in Australia, that the climate is g-ro" iug 
moi
t('r, and that e,'en the great ccntml 
desert may, in course of time, become inhab- 
itable. The frequency of fires, prior to the 
introduction of 8heep-farmin
, when there 
was nothing to keep clown the grass, was 
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terribly destructive to trees and to aU vege- 
tation. :Kow these ravages are becoming 
1imited in extent. 
KARL LuDWIG VO:-i LITTROW, Professor 
of Astronomy, and Director. of the Imperial 
Observatory at Vienna, died at Yenice, :K 0- 
vember 16th, in the sixty-seventh year of 
his age. 
TIlE mean distance of the sun, as de- 
duced by the British Astronomer Royal, Sir 
George Airy, from a comparison of the re- 
sults obtained by the English telescopic ob- 
servations of the tran
it of Venus in 1874, 
is equal to 93,300,000 miles. But, as the 
photographs of the transit are yet to be 
worked up, this estimate must be regarded 
as provisional only. 
DR. H. C. YARROW, of the Army 
Iedical 
::.\Iuseum, "T ashington, is collecting materials 
for a memoir on the burial-customs of the 
North American Indians, both ancient and 
modern, and earnestly solicits information 
so as to enable him to treat the subject 
with all possible fuUness. Correspondents 
are requested to state as exactJy as may be 
the name of the tribe concerning which they 
give information, its locality, its manner of 
burial, ancient and modern, its funereal and 
other mortuary ceremonies, etc. Dr. Yar- 
row's address is 1,747 F Street, N. \V., 
\Vashington. 
DOCGLAS A. SPALDI:-iG, author of many 
suggestive papers on certain obscure ques- 
tions in psychology which have appeared in 
the MOXTHLY, died on the 31st of October, in 
the thirty-seventh year of his age. From a 
notice in ]).--:-ature we learn that :SIr. Spalding 
was in his earlv manhood a slater at Aber- 
deen; in 1862, through the kindness of 
Prof. Bain, he was allowed to attend free 
of charge the classes in literature and phi- 
losophy in the university. Later he went 
to Loudon, and tried to earn a livelihood by 
teaching, at the same time studyin
 law. 
His paper on the instinctive movements of 
young birds, read at the British-American 
meeting of 1872, first brought him to the 
notice of the world of science. 


AT a conversazione latelv held in Guv's 
Hospital, London, a filter "invented byw a 
1Iajor Crease was exhibited. It reduced 
strong tea and lo
wood infusion to clear, 
tasteless water. The nature of the filtering 
medium is at present a secret. 
A PRIZE of $25,000 is offered by the gOY- 
ernment of India for the best machine or 
process for preparing rltea or ramie-fibre; 
also a prize of 
5,000 for the second best. 
The conditions of winnillg the prize are 
that the machine or process shall be capa- 
ble of producing by animal, water, or steam 
power, one ton of dressed fibre at a total 


cost not exceeding 875 at any port in India 
or 8150 in England. The machines must 
be in readiness at 8aharanpar by August 
15, 1879. 
A SOLUTION of bicarbonate of sodium 
aPJ?lied to bur.ns promptly and permanentJy 
relIeves all pam. A laboratory assistant in 
Philadelphia having severely burned the in- 
side of the last phalanx of the thumb while 
bending glass tubing, applied the solution 
of bicarbonate of soda, and not only was 
the pain allayed but the thumb could be at 
ODce freely used without inconvenience. 
MCr\KE quotes from the U Talmud" a 
passage in which mention is made of iron 
as a means of U protection from lightning 
and thunder;" and 'Viedermann adds that 
the ancient Egyptians appear to have used 
gilded masts "for warding off the bad 
weather coming from beaven." 
Ox bourd the British iron.dad ship Té- 
méraire, besides the great engines for pro- 
pulsion, there are no less than thirt}'-four 

man engines for the fonowing purposes: 
two turning, two starting, four feed, two 
circulating, two fan, two bi1ge, onc capstan, 
one steering, four pumping, four ash.lifters, 
two hydraulic gear- workers, one torpedo 
reservoir-charger, one to work the electric 
machine which lights the bridge, and four 
others. 
NEARLY all the salt used for domestic 
purposes passes out with the sewage, and is 
in
eparable from it; the proportion of salt 
(chloride of sodium) found in water is there- 
fore a pretty accurate measure of the deg-ree 
of contamination by sewage. Hence, says 
Prof. Lattimore, of Rochester, U whenever 
the proportion of salt in well-water rises 
above a very few grains per gaHon, con- 
tamination by sewage or house-drainage 
milY be confidently a!"serted." 


.A SI:KGI7LARL Y interesting discovery has 
been made by Reichenbach, with regard to 
the embryo of the cra\\ fish. He finds that 
the" food-yelk" of the egg is not merely 
absorbed by the embryonic cells by a pas- 
sive process of diffusion, but that these lat- 
ter actually devour the yclk-globules in pl'e. 
cisely the same manner as an amæba devours 
diatoms 01' desmids. The cells throw out 
pseudopod-like processes, and with these 
enyelop the yelk-globules and drag them 
into their interior, where they undergo di. 
gestion. 
THE sermon of Henry \Yard Beecher on 
the subject of future rewards and punish- 
ments, concerning which there has been 
such gross misrepresentation, is pub1i
hed 
in fun in the Christian Union (K ew York) 
of December 26th. It is entitled "The 
Background of Mystery." 
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SECTIO
 OF THE EARTH'S CRUST. 


TO ILLrSTRATE 'VERTEBRATE LIFE I
 A:\lERICA. 



T lIE 


POPULAR SOIENOE 
MONTHL Y. 


MARCH, 1878. 


INTRODUCTION AND SUCCESSION OF VERTEDR..Lt\.TE 
LIFE IN AMERICA.l 


By PROF. O. C. MARSH. 


T HE origin of life and the order of succession in which its various 
forms have appeared upon the earth offer to science its most in- 
viting and most difficult field of research. Although the primal origin 
of life is unknown, and may perhaps never be known, yet no one has 
a right to say how much of the mystery now surrounding it science 
cannot remove. It is certainly within the domain of science to de
 
termine ,,,hen the earth was first fitted to receive life, and in ,vhat 
form the earliest life began. To trace that life in its manifold changes 
through past ages to the present is a more difficult task, but one from 
which modern science does not shrink. In this 'wide field, every 
earnest effort will meet some degree of success; every year will add 
new and important factA; and every generation will bring to light some 
htw, in accordance with which ancient life JUtS been changed into life 
as we see it around us to-day. That such a development has taken 
place, no one will doubt who has careful1y traced any single group of 
animals through its past history, as recorded in the crust of the earth. 
The evidence will be especially conclusive, if the group selected be- 
longs to the higher forms of life, which are sensitive to every chànge 
in their surroundings. But I am sure I need offer here no argument 
for evolution; since to doubt evolution to-day is to doubt science, and 
science is only another name for truth. 
Taking, then, evolution as a key to the mysteries of past 1ife on 
the earth, I invite your attention to the subject I have chosen: "THE 
INTRODUCTIO
 AND SUCCESSIOY OF VERTEBRATE LIFE IN AMERICA." 
In the brief hour allotted to me, I could hardly hope to give Inore 
than a very incomplete sketch of ,vhat is now known on this subject. 
1 An address df'livered before the American Association for the Advancement of Sci- 
ence, at Nashville, Tenn., August 30, 187'7, by Prof. O. C. Marsh, Vice-President. 
VOL. XII.-33 
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I sha11, therefore, pass rapidly over the lower groups, and speak n10re 
particularly of the higher vertebrates, which Lave an especial interest 
for us an, in so far as they approach man in structure, and tln1s indi- 
cate bis probable origin. ''fhese higher verteLrates, InOreOYer, are 
most important witnesses of the past, since their superior organization 
Dlade tbem ready victims to slight clinlatic changes, which 'would oth- 
er,vise have remained unrecorded. 
In considering the ancient life of America, it is inlportant to bear 
in mind that I can only offer you a brief record of a few of the count- 
less forms that once occupied this continent. The re\Tiew I can bring 
before you will not be like that of a great army, 'when regiment; after 
regiment with full ranks Jnoves by in orderly succe
sion, until tbe entire 
host has passed. l\Iy review lllust be Inore like the roll-call after a 
battle, when only a fe\v scarred and crippled veterans remain to an- 
swer to their names. Or, rather, it n
ust resen] ble an array of rellc
, 
dug from the field of SOllie olù Trojan combat, long after the contest, 
when no survivor remains to tell tbe tale of the strife. From such an 
ancient battle-field, a Schliemann might unearth together the brollze 
shield, lance-head, and gilded helmet, of a prehistoric leader, andleal'll 
from them ,vÏth certainty his race and rank. Perha})s tbe skull n1ight 
still retain the barbaric stone 'weapon by 'which his northern foe had 
slain him. Near by, the explorer Inight bring to light the conuningled 
coat-of-mail and trappings of a horse and rider, so strangely different 
from the equipment of the chief as to suggest a foreign ally. From 
these, and from the more con1mon implements of ,val' that fill the soil, 
the antiquary could determine, by patient study, what nations fought, 
and perhaps ,vhen and why. 
By this same Inethod of research the more ancient strata of tbe 
earth have heen explored, and in our 'Vestern ,vilds veritable battle- 
fields, strewed with the fossil skeletons of the slain, and guarded 
faithfully by savage superstition, have he en despoiled, yielding to 
science treasures more rare than bronze or gold. 'Y ithout such 
poils, 
from Inany fields, I could not bave chosen the present theme for my 
address to-nigbt. 


According to present knowledge, no vertebrate life is kno,vn to 
bave existed on this continent in the Archæan, CaIn brian, or Silurian 
period; yet during this time more than half of the thickness of 
American stratified rocks "
as deposited. It by no means follows that 
vertebrate animals of some kind did not exist here in those ren10te 
ages. Fishes are known from the Upper Silurian of Europe, and 
there is every probability that they will yet be discovered in our 
strata of the same age, if not at a still lower horizon. 
In the shore-deposits of the early Devonian sea, known as the 
Schoharie Grit, characteristic remains of fishes were preserved, and in 
the deeper sea that followed, in which the Corniferous limestone 'Was 
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laid clown, this class was ,veil represented. During the remaincler of 
the Devonian, fishes continue abundant in the shallo\ver seas, and, so 
far as now known, ,vere the only type of vertebrate life. These fishes 
'v ere mainly Ganoid
, a group rcpresenteà in our present waters by 
the gar-pike (Lepidosteus) and Sturgeon (.rlcijJenser), but, in the 
Devonian sea, chiefly by the Placoderms, the exact affinities of which 
are somewhat in doubt. 'Yith these were Elasmobranchs, or the 
Shark tribe, and among them a few Chimæroids, a peculiar type, of 
\vhich one or two members still survive. The Placoc1erms were the 
monarchs of the ocean. All were well protecteù by a nlassive coat of 
armor, ancl some of them attained buge dimensions. The Alnericall 
Dcvonian fishes no,v known are not so nUluerous as those of Europe, 
but they were larger in size
 and mostly inhabitants of the o}Jen sea. 
Sonle t,venty genera ancl forty species have been described. 
The more inlportant genera of Placoden11s are-.Diniclttltys, ASjJid- 
iclttllYS, and .Diplognath'lls, our largest Palæozoic fishes. Others are 
-.L1canthaspis, .Llcantl
olepis, Coccosteus, JJIacropetalichtltys, aud Ony- 
chodus. Among the Elasmobranchs were- Oladoclus, Ctenacanthus, 
lJIachæracantltus, Rhynchodus, and Ptyctoclus, the laßt t\"O being 
regarded as Chimæroids. In the Chemung epoch, the great Dipteriall 
fan1Ïly 'vas introduced ,vith Dipterus, Heliodus, and possihly Oe}"(t- 
todus. Species of the Eur
pean genera, Botlt'J.iolep-is ana IIolopty- 
chitu
, ]lave likewise heen founa in our Devonian deposits. 
'Vìth the close of the Devonian, came the almost total extinction 
of the great group of Placoderms, ,vhile the Elasillobranchs, which 
had hitherto occupied a subordinate position, increase in nunlbers ana 
size, and appear to be represented by Sharks, l
ays, and Chimæras. 
.Among the Inemhers of this group from the Carboniferous, were 
nUlnerous Cestracionts/ species of Gocltliodus of large size, with oth- 
ers of the genera .Deltodus, IIelodus, Psa'J1"unodus, and Handalodus. 
Of the Petalodonts there were Antliodus, Cho'Jnatodus, Ctenoptycltius, 
Petalodus, and Petalorltyncklls / ana of the IIybodonts,2 the genera 
Oladodus, OarcharojJsis, and IJiplodus. These Elasmobranchs were the 
rulers of the Carboniferous open Rea, and more than one bundred 
species have been found in the lower part of this formation alone. 
The Ganoids, although still abundant, ,vere of snlaller size, and deni- 
zens of the more shallow and confined waters. The latter gronp of 
fishes was represented by true Lepidostidæ, of the genera Palæo- 
niscus, An
bl.'Jpterus, Platyso11
US, and Eurylepis. Other genera are 
-Rlâzodus, lJIegalicllthys, Ctenodus, Edestus, Orodlls, Ctenacantlllls, 
Gyracant/rus, and Oælacanth'lls. 
Iost of these genera occur also in 
Europe. 
Fronl the Permian rocks of America no vertebrate remains are 


I (Cest'i"acion = sharp tool)-a group of sharks, so named from tbeir denticulated dor- 
sal spines. 
2 (Hybodu,s = hump-tooth)-a group of sharks. 
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l..nown, although in the 
ame formation of Europe Ganoids are abun- 
dant; and with them are remains of sharks, and some other fishes, the 
affinities of ,vhicb are doubtful. The Palæozoic fishes at present known 
from this country are quite as numerous as those found in Europe. 
In the 1vlesozoic age, the fishes of America begin to show a de- 
cided approach to those of our present waters. From the Triassic 
rocks, Ganoids only are known, and they are al1 more or less closely 
related to the modern gar-l)ike, or Lepidosteus. They are of small 
size, and the number of individuals preserved is very large. The 
characteristic genera are- Catopterus, Ischypterus, Ptycholepis, Rhab- 
dolepis, and 1urseodus. From the Jurassic deposit no remains of 
fishes are known,l but in the Cretaceous, ichthyic life as
umed many 
and various forms; and the first representatives of the Te]e05ts, or 
bony fishes, the characteristic fishes of to-day, nlake their appearance. 
In the deep open sea of this age, Elasmobranchs were the prevailing 
forms, Sharks and Chimæroids heing most numerous. In the great 
inland Cretaceous sea of Korth America, true osseous fishes ,vere 
most abundant, and among them ,,'ere sonle of carnivorous babits 
and immense size. The lllore sheltered bays and rivers were Fhared 
by tbe Ganoids and Teleosts, as their remains testify. The more 
common genera ofCretaceons Elasmobrancbs ,vere- Otodus, Oæy'r/âna, 
Galeocerdo, Lamna, and Ptychodus. Alnong the osseous fishes, .Be- 
ryæ, Enchodus, Portlteus, and Saurocephalus, 'were especially cOllInon, 
'vhile the most important genus of Ganoids 'was Lepidot'lIS. 
The Tertiary fishes are nearly all of modern types, and from the 
beginning of this period there was comparatively little change. In 
the marine beds, Sharkf., Rays, and Chimæroids, maintained tJ)eir 
supremacy, although Teleosts were abundant, and nlan)T of them of 
large size. The Ganoids ,,"'ere comparatively few in nun11)er. In the 
earliest Eocene fresb-water deposits, it is interesting to find that the 
modern Gar-pike, and A'/11ia, the dogfish of our "T estern lakes, which 
by their structure are seen to be remnants of a very eady type, are 
,veIl represented b)T species so closely allied to tlJem that only an 
anatomist .could separate the ancient from the nlodern. In the suc- 
ceedino- beds these fishes are still abundant , and 'with then1 are Silu- 
o , 
roids nearly related to the modern catfish (Pinwlodus). J\lany sn1all 
fishes, allied apparently to the Inodern h
rring (GhljJCa), left tlwir 
remains in great numbers in the same deposits, and, ,,
ith them has 
been recently found a landlocked ray (IIeliobatis). 
The ahnoRt total absence of remains of fishes fronl tIle l\Iiocene 
lake-basins of the West is a renulrkable fact, and perlla}lS may best 
be eXplained by the tbeory that these inland ""raters, like many of the 
smaner lak
s in the same region to-day, were so impregnated with 
mineral matters as to render the existence of vertebrate life in t11elll 


J A species of Ceratodu8 has recently been found in the upper Jurassic of Colorado, 
and named by the writer C. Güntheri.-O. C. M. 
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impossible. X 0 one who has tasted such waters, or has attempted to 
ford one of the 1110dern alkalinc lakes which are often mct with on the 
present surface of the same deposits, ,vill doubt the efficicncy of this 
cause, or the easy entombUlent of the higber vertebrates tbat ventured 
within their borders. Iu the Pliocene lake-ba
ins of the sanle region, 
remains of fishcs were not nncomrnon, and in some of them are very 
numerous. These are all of 1110dern types, and nJost of them are 
Cyprinoids, related to the modern carp. The Post-pliocene fi:,hes are 
esscntially those of to-day. 
In this brief synopsis of the past ichthyic life of this continent, I 
have nlentioned only a few of the rnore important facts, but sufficient, 
I trust, to give an outline of its history. Of this history, it is evident 
that we have as yet only a very inlperfect recond. \V' e bave seen 
that the earliest remains of fishes known in this country are from the 
lower Devonian; but these old fishes show so great a diversity of 
form and structure as to clearly indicate for the class a much earlier 
ongln. In this connection, we must bear in ulind that the t,vo lowest 
groups of existing fishes are entirely \vithout osseous skeletons, and 
hence, however abundant, would leave no permanent record in the 
deposits in ,vhich remains of fishes are usually prelSer\-ed. It is safe 
to infer, fronl the knowledge which we now possess of the simpler 
forms of life, that e\"en more of the earl)" fishes were cartilagino
s, or 
so destitute of hard parts as to leave no enduring traces of their ex- 
istence. 'Vithout positive knowledge of such fonns, and considering 
the great diversity of those we have, it would seem a hopeless task at 
present to attempt to trace successfully the genealogy of this class. 
One line, however, appears to he direct, fronl our modern gar-pike, 
through the lower Eocene Lepidosteus to the.Lepidotus of the Creta- 
ceous, antI perhaps on through the Triassic Ischypterus and Carbo- 
uiferous Palæoniscus j but beyond this, in our rocks, it i
 lost. The 
living Chimæra of our Pacific coast has nearly allied fornis in the 
Tertiary and Cretaceous, more distant relatives in the Carboniferous, 
and a possiblc ancestor in the Devonian Rltynchodus. Our sharks 
likewise can be traced with some certainty back to the Palæozoic ; 
and even the Lepidosiren, of South America, although its ilnmediate 
predecessors are unknown, has some l)cculiar characters which strongly 
point to a Devonian ancestry. Thesc suggestive lines indicate a rich 
field for inv
stigation in the ancient life-history of American fishes. 


The .Amphibians, the next higher class of vertebrates, are so 
closely rclated to the fishes in structure that sonlC peculiar forms of 
the latter have neen considere(l bv anatomists as belollo-in cr to this 
. 0 
 
gronp. The earliest evidence of 
\.lnphibian existence, on this conti- 
l1C'llt, is in tbe Sub-Carboniferous, 'where footprints have been found 
,vhich were probably made by La.hyrinthodonts, the Jl10st ancient 
reprcsentatives of the class. 'V ell-preserved renlains are abundant 
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in the Coal-
Ieasures, and show that the Labyrinthollonts differed in 
important particulars frOlU all ll10dern Amphibians, the group whicl. 
includes onr frogs and salamanders. Some of these ancient animals 
resemble a salamander in shape, 'while others were ser})ent-like in form. 
N one of those yet discovered were frog-like, or without a tail, although 
the restored Labyrinthodont of the text-books is thus represented. 
AU were protected by large pectoral bony plates, and an armor of 
small scutes on the ventral surface of the body. The wans of their 
teeth ,vere more or less folded, whence the name La byrinthoc1ont. 
The American Amphibians known from osseous remains are all of mod- 
erate size, but the footprints attributed to this group indicate animals 
larger than any of the class yet found in the Old "T orId. The Car- 
"Loniferous Alnphibia11s were abundant in the swampy tropical forests 
of that period, and their remains have ùeen found imbedded in the coal 
then deposited, as well as in hollow stumps of the trees left standing. 
The principal genera of thi
 group from Alnerican Carboniferous 
rocks arc-Sauro pus, known only from footprints, Baphetes, Dcn- 
(ll'erpeton, Ifylono'J11'llS, IIyle'l'1Jeton, Ranice}Js, I"elion, Leptophractus, 
J..7JIolgophis, Ptyonius, An1phibarnus, Cocytinus, and Oeraterpeton. The 
last genus occurs also in Europe. Certain of these genera have 
been considered by some writers to be more nearly related to the 
liz3.r
s, among true reptiles. Some other genera known from frag- 
mentary remains or foot})rints in this formation }1ave likew-ise lJeen 
referred to the true reptiles, but this question can perba ps be settled 
ou] y by future discoveries. 
No Amphibia are known from Alnerican Permian strata, but in 
the Triassic a few characteristic remains have been found. The three 
genera, IJictyocepltalus, IJispelor, and Pariostegus, bave been described, 
but, although apparently all Labyrinthodonts, the remains pres
rved 
are not sufficient to add Dluch to our knowledge of the group. The 
Triassic footprints which have been atti'ibuted to Amphibians are still 
more unsatisfactory, and at present no im})ortant conclusions in r
gara 
to this class can be based upon them. From the Jurassic and Creta- 
ceous beds of this continent no remains of Amphibians are knowD. 
A few only have been found in the Tertiary, and these are all of 
modern type
. 
The Amphibia are so nearly allied to the Ganoid fishes that we 
can hardly doubt their descent from some member of tnat group. 
'Vith our present lilnitec1 knowledge of the extinct forms, howeyer, 
it 'would be unprofitable to attempt to tra.ce in detail their probable 
genealogy. 
The ftuthors to whom especial credit j
 due for our know'ledge of 
American fossil Fi
hes ancl Amphibians, are Newberry, Leidy, Cope, 
Da,,"son, Agassiz, St. JoJ)n, Gihbes, 'Vyman, Redfield, and Emlllons, 
and the principal literature of the subject will be found in their pub- 
lications. 
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Reptiles and òirds form the next great division of vertebrates, 
the Saurúpsida, anù of these the reptiles are the older type, and may 
be first consiclered. "Thile it may be stated with certainty that there 
is at present no evidence of the existence of this group in American 
rocks older than the Carboniferous, there is some douùt in regarl1 
to their appearance even in this period. Various footprints which 
strongly resemble those made by lizards, a few well-preserved re- 
nlains similar to the corresponding bones in tbat group, and a few 
cbaracteristic specinlens, nearly identical with those from another order 
of this class, are known from American Coal-:
Ieasures. These facts, 
and some others which point in the same direction, render it probable 
that we may soon have conclusiye evidence of the presence of true 
reptiles in this formation, and in our overlying Permian, which is essen- 
tially a part of the same series. In the Permian rocks of Europe 
true reptiles have been found. 
The 1Uesozoic period has been called the Age of Reptiles, and 
during its continuance some of the strangest fornls of reptilian life 
made their appearance, and became extinct. N ear its commencement, 
,vhile the Triassic shales and sandstones were being deposited, true 
reptiles 'were abundant. Anlong the most characteristic remains dis- 
covered are those of the genus Belodon, ,,-bich is well known also in 
the Trias of Europe. It belongs to tbe Thecodont division of reptiles, 
which have teeth in distinct sockets, and its nearest affiniti<?s are ,vith 
the G'ì
ocodilia, of which order it may be considered the oldest known 
representative. In the same strata in which the Belodonts occur, 
remains of Dinosaurs are found, and it is a most interesting fact ttlat 
these highest of reptiles should ll1ake their appearance, even in a gen- 
eralized form, at this stage of tJle earth's l1Ïstory. The Dinosaurs, 
although true reptiles in all their nlore important characters, show 
certain ,veIl-marked points of resenlblance to existing birds of the 
order Ratitæ, a group which includes the ostriches; and it is not im- 
probable that they were the parent-stock from which birds originated. 
During Triassic time, the Dinosaurs attained in America an enor- 
mous development both in variety of forIlls and in size. Although 
comparatively fe,v of their bones have as yet been discovered. in the 
rocks of this country, they bave left unmistakable evidence of their 
presence in the footprints and other impressions upon the shores of 
the waters ,vhich they frequented. The Triassic sandstone of the 
Connecticut Valley has long been f:llllOUS for its fossil footprints, 
especially the so-called" bird-tracks," ,vhich are generally supposed 
to have been made by birds, th(1 track
 of which many of them closely 
resenlble. .A, careful inyestigation, how.ever, of nearly all the speci- 
mens yet discovered bas convinced me that there is not a particle of 
evidenco that any of these fossil impressions were ulade by birds. 
.1\lost of these three-toed tracks were certainly not made by birds; 
but hy quadrupeds, which usually walked upon their l1ind-feet alone, 
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and only occasionally put to the ground their smal1er anterior extremi- 
ties. I have myself detected the iInpressions of these anterior limbs in 
connection with the posterior footprints of nearly an of the supposed 
"bird-tracks" described, and bave little doubt that they will event- 
ual1y be found ,vith all. These double impressions are precisely the 
kind which Dinosaurian reptiles would make, and, as the only char- 
acteristic bones yet found in the saIne rocks belong to aniJnals of this 
group, it is but fair to attribute all these footprints to Dinosaur
, 
even where no impressions of fore-feet have been detected, until some 
evidence appears that they were made by birds. I have no doubt that 
birds existed at this time, although at present the proof is 'wanting. 
The principal genera of Triassic reptiles known from osseous re- 
mains in this countryare-Arnphisaurus (.1JIegadactylus), from the 
Connecticut Valley; Bathygnathus, from Prince Edward's Island; 
Belodon, and Ulepsysaurus. Other generic names which ha-\"e been 
applied to footprints and to fragmentary remains need not here be 
enumerated. A few remains of reptiles have been found in undoubted 
Jurassic rocks of America, but they are not sufficiently well deter- 
lnined to be of service in this connection. 1 Others have been reported 
from supposed Jurassic strata, ,vhich are no'w known to be Cretaceous. 
It will thus be seen that, although reptilian life was especially abun- 
dant during the Triassic and Jurassic periods, but few bones bave 
been found. This is owing in part to the character of most of the 
rocks then formed, which were not well fitted for preserving such 
ren1ains, although admirably adapted to retain footprints. 
During the Cretaceous period, reptilian life in America attained 
its greatest development, and the sedin1ellts laid down in the open 
seas and estuaries were usually most favorable for the l)reservation 
of a faithful record of its various phases. "Tithout such a perfect 
matrix as some of these deposits afford, many of the most interesting 
yertebrates recently brought to light from this formation would prob- 
ably have remained unknown. The vast extent of these beds insures, 
moreover, many future discoveries of interest. 
In the lowest Cretaceous strata of the Rocky 1\lountain region, 
the Dakota group, part of which at least represents the "...- ealden of 
Europe
 ren1ains of Ohelonia, or Turtles, Crocodiles, and Dinosaurs 
occur, the last being especially abundant. The Ohelonia, although 
known from the Jurassic of Europe, here appear for the first time in 
American rocks. Some of the earliest forms are allied to the modern 
genus Trionyæ. In the higher Cretaceous beds, some Chelonians of 
enormous size have been found. They belong to the genus Atlan- 
tochelys, which has the ribs separate, as in the existing Sphargis,2 
1 Since this address was delivered, I have determined the beds containing gigantic 
Dinosaurs, on the flanks of the Rocky Mountains, to be upper Jurassic, and called them 
Atlantosaurus Beds. (See frontispiece, section.) These strata were formerly referred 
to the Dakota group, or base of the Cretaceous.-O. C. M. 

 Sphargis, a genus of turtles inhabiting the Atlantic and Mediterranean. They are 
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and presents other embryonic characters. A few genera appear to 
be related to the modern genus Chelone. The remaining Cretaceous 
species were mostly of the Emydoid 1 type; and others ,verc related 
tu Clwlydra. The more important genera of Cretaceous Chelonians 
known from characteristic specimens are-Atlantocltely.
 (Protoste- 
ga), Aclocus, BothreJnys, Oompsemys, Plasto'inenus, Osteopygis, l
ro- 
pleura, Lytolorna, and TaphrospllYs. 
Iost of these genera ,vere 
represented ùy several species, and tbe individuals ,vere numerous. 
No land-tortoises have as yet been found in this forlnation. In 
American Tertiary deposits, Cbelonians are abundant, especially in 
the fresh-water beds. They all show near affinities ,vith modern 
types, and most of them can be referred to existing genera. In the 
Tertiary lake-basins of the 'Vest, land-tortoises are very numerous, 
and ,vith them are many fresh-water forms of Triouyæ and allied 
genera. 
A striking feature of the American Cretaceous fauna, as contrasted 
with that of Europe, is the almost entire absence in our strata of 
species of Ichthyosaurus and Plesiosaur us, which abound in many 
other regions, but here seem to be replaced by the l\Iosasaurs. A 
few fragmentary remains have indeed been referred to these genera, 
but the determination may fairly be questioned. Tbis is more than 
true of the proposed ne\v order Streptosauria, which was founded 
wholly on error. The order Plesiosauria, however, is ,vell repre- 
sented, but mainly by forms more nearly related to tIle genns Plio- 
saurus than to the type of the group. These ,vere marine reptiles, 
all of large size, while some of them attained vast dilllensions. So 
far as at present identified, they may be referred to the genera UÏ1no- 
liosClurus, IJiscosa'll'rus (Elasmosau'J.us), and .Pliosau/rlt8. The nnnl- 
bel' of species is comparatively few, and none are known ahove the 
Cretaceous. The important suggestion of Gegenbaur, that the Hrtli- 
sau'ria, which include the Plesiosaurs, branched off from the fis}Jes 
before the Amphibians, finds some support in ....L\..merican specimens 
recently discovered. 
The Reptiles most characteristic of onr American Cretaceons 
strata are the Mosasallria, a group ,vith very few representatives in 
other parts of the world. In our Cretaceous sea
, they ruled snprenle, 
as their nunlbers, size, and carnivorous habits, enabled them to easily 
vanquish all rivals. Some were at lea
t sixty feet in length, :lnd the 
slnallest ten or twelve. In the inland Cretaceous spa from which the 
l::'ocky :\Iountains were 1,eginning to emerge, these ancient" sea-ser- 
pents" abounded; and many were entombed in its nluddy bottom. 
On one occasion, as I rode through a valley washed out of this old 
ocean-bed, I sa,v no less than seven different skeletons of these Inon- 


the largest of all turtles, anù have the boõy covered with a thick coriaceous skin instead 
of a hard 
hen. 
1 Eln!Js, a genus of small land and fresh-water tortoises. 
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sters in sight at once. The l\Iosasaurs were essentially swimn1ing liz- 
ards, ,yith four well-developed })addIes, and they had little affinity 
with modern serpents, to which they have been compared. The species 
are quite numerous, but they belong to comparatively few genera, of 
which lJIosasæurus, Tylosaurus, Lestosaurus, and Edestosa1.lT'us, }la,'e 
alone been identified. with certainty. The genus Mosasaurus was 
first found in Europe. All the known species of the group are Cre- 
taceo us. 
The Orocodilia are abundant in rocks of Cretaceous age in An1er- 
ica, and two distinct types are represented. The older type, .which 
is foreshadowed by Belodon of the 'frias, has biconcave vertebræ,. and 
shows marked. affinities with the genus 1èleosClUrttt8, from the Jura of 
Europe. The best-known genus is HypoSG'Ur'us, of ,vhich there are 
several species, all more or less resembling in form the nlodern gavial 
of the Ganges. A peculiar intermediate form is seen in D'iplosau')'us, 
from tbe 'Vealden of the Rocky l\Iountains. The second type, which 
no\v makes its appearance for the first time, has procælian 1 yertebl'æ, 
and in other respects resembles existing crocodiles. The g
nela de- 
scribed are Bottosaurus, I-IolojJs, and Thoracosaurus, none of whicll, so 
far as known, pass above the Cretaceous. Of Crocodilia with o})is- 
thocælous 1 vertebræ, America, so far as we know, bas none. Speci- 
mens similar to those so termed in Europe are not unconlillon here, 
but they pertain to Dinosaurs. 
In the Eocene fresh-,vater beds of the West, Crocodilians are espe- 
cially abundant, and. all, with the exception of Limnosaurus, belong 
apparently to the genus Crocodilus, although some species sbo,v cer- 
tain })oints of resenlblance to existing alligators. The J\liocene lake- 
basins of tIle same region contain no remains of crocodiles, so far as 
known, and the Pliocene deposits havp afforded only a 'Bingle species. 
The Tertiary lnarine beds of the Atlantic coast contain compara- 
tively few Crocodilian remains, and all are of modern types; the 
genus Gavialis having one Eocene species, and the alligator being 
represented only in the latest deposit
. 
It is ,yorthy of special mention, in this connection, that no true 
Lacertilia, or Lizards, and no Ophidia, or Serpents, 11ave yet been 
deteeted in American Cretaceous beds; although their remains, if 
l)resent, ,vould hardly have escaped observation in the rpgions ex- 
plored. The former will doubtless be found, as several species occur 
in the l\Iesozoic of Europe; and perhaps the latt
r, although the Ophic1- 
ians are apparently a more moòern type. In the Eocene lake-basins 
of "\Vestern Anlerica, remains of lizards are very numerous, and inc1i- 
cate species luuch larger tJlan any existing to-day. Some of tbese, 


1 Vertebræ which have centra concave at each end have been conveniently termed 
ampldcælous,. those with a cavity in front and a convexity behind, p1'ocælous,. where the 
position of the concavity and convexity is reversed, they are opisthocælolls.-(Huxley, 
" Anatomy of Vertebrated Animals.") 
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the Glyptosauridæ, were protected by a highly-ornamented bony coat- 
of-mail, and others ,vere covered with scales, like recent lizards. A 
fe,v reseluLled, in their n10re important characters, the n10dern igua- 
na. The genera best represented in the Eocene are- Glyptosaurus, 
I[/lUtnaVll8, OJ"eosaurus, '.I'lÛnosaurus, Tinosaurus, and Saniva. Some 
of these genera appear to haye continued into the lHiocene, Lut here, 
as ,veU as in the Pliocene, few remains of this group have been found. 
It is not bnprobable that some of our extinct Reptiles may In'ove to 
belong to Rynchoceplta!a, but at present this is uncertain. The genus 
Notosaurlls, froIn Brazil, has biconcave vertebræ, and SOlnc other 
characters ,vhich point to that group. No DicYllodonts 1 or Therio- 
clonts!;J havc as yet been found in this country. 
The first ..:\.merican serpent
, so far as now known, appear in the 
Eocene, which contains also the oldest European species. On the At- 
lantic Lorder, the genus Titanoplds (Ðinoplds) is represented by 
several species of large size, one at least thirty feet in length, and all 
doubtless inhabitants of the sea. In the fresh-,vater "r estern Eocene, 
remains of snakes are abundant, but all are of moderate size. The 
largest of these ,vere related to the modern boa-constrictors. The 
genera described are Boavus, Lithoplâs, and LiJnnopltis. The l\Iio- 
cene and Pliocene snakes from the same region are kno,vn only from 
a fc,v fragmentary ren1ains. 
The Pterosauria, or flying-lizards, are among the most interesting 
reptiles of l\Iesozoic time, and many of them left their remains in the 
soft sediments of our inland Cretaceous sea. These were veritable 
dragons, having a spread of wings of from ten to twenty-five feet. 
They differed essentially from the smaller Pterodactyls found in the 
Old 'V orld, in the entire absence of teeth, showing in this respe<,t a re- 
semblance to modern birds; and they possess other distinctive charac- 
ters. They have therefore been placed in a new order, Pte1"anodontia, 
fronl the typical genus Pteranodon, of ,vhich five species are kno"\vn. 
The only othel' genus is NyctosClurus, represented by a single 
pecies. 
All the specimens yet found are from essentially the same horizon, in 
the chalk of !{ansas. The reported discovery of remains of this order 
from older forn1ations in this country is without foundation. 
The stran
e re l )tiles kno,vn as IJinosauria .which as ,ye haye 
'--
 , , 
seen, ,vere nUlnerous during the deposition of our TriaRsic shales ana 
sandstones, have not yet been found in ..AInerican Jurassic,s but "
ere 
well represented. here throughout the Cretaceous, and at its close bc- 
callIe extinct. These animals possess a peculiar interest to the :111ato- 


1 Dicynoùonts (two canine teetb), a singular group of extinct reptiles from South 
Africa, India, and the Ural :Mountains. The family name alludes to the two enormOU8 
canine teeth which grow from the upper jaw. 

 Theriodonts (beast-tooth), a group of extinct reptiles, 11m-jug, according to Owen, 
some characters whieh point toward the )Iammalia. 
3 See note on page 520. 
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Inist, since, although reptilian in all their main characters, they show 
clear affinities with tbe birds, and bave some features ,vhich may point 
to mammals. The Cretaceous Dinosaurs were all of large size, and 
most, of them walked on the bind-feet alone, like modern struthious 
birds. Two well-marked types may be distinguished among the re- 
mains discovered in deposits of this age: the herbivorous forms, 
represented mainly by I-Iadrosaurus, a near ally of the Iguanodon of 
Europe; and their carnivorous enemies, of ,,
hich J]'J"yptosClUr'llS 
(Lælaps) may be considered typical in this country, and lJIegalosau- 
')
llS in Europe. N ear the base of our Cretaceous formation, in beds 
which I regard as the equivalent of the European 'Vealden; tIle 
most gigantic forms of this order yet discovered have recently been 
brought to light. One of tbese monsters (Titanosaurus rnontanu8)/ 
from Colorado, is by far the largest land-animal yet discovered; its 
dimensions being greater than was supposed possible in an animal 
that lived and moved upon the lane1. It was some fifty or sixty feet 
in length, and, when erect, at least thirty feet in height! It doubt- 
less fed upon the foliage of the Inountain forests, portions of ,vhich 
are preserved with its remains. . 'Vith Titan osa wJ"us, the bones of 
smaller Dinosaurs, one (1."Vanosaurus), not larger than a cat, as wen as 
those of crocodiles and turtles, are not uncommon.!;J The recent dis- 
covery of these interesting remains, many and various, in strata that 
had long been })ronounced by professional explorers barren of verte- 
brate fossils, should teach caution to those who decline to accept the 
imperfection of our know ledge to-day as a fair })lea for the supposed 
absence of intermediate forms. 
In tIle marine Cretaceous beds of the ".,.. est, only a single Dinosaur 
(JIadrosaurus agilis) has been found, but in tbe higher fresh-water 
beds, which mark the close of this formation, their remains are numer- 
ous, and indicate several well-marked species if not genera. In the 
marine beds on the Atlantic coast, the bones of Dinosaurs are fre- 
quently n1et with, and in the Upper Cretaceous Greensand of K ew J er- 
sey, the type specimens of Hadrosaurus and IJryplosau1"'us were found. 
In Cretaceous fresh-,vater deposits on the coast of Brazil, ren1ains of 
this order occur, but tbe specimens hitherto discovered are not suffi- 
ciently characteristic for accurate determination. This is unfortu- 
nately true of Inany Dinosaurian fossils from North America., but the 
great number of t11ese reptiles which lived bere during the Cretaceous 
Period promises Inany future discoveries, and substantial additions to 
our })resent knowledge of tbe group. 


1 This generic name proved to be preoccupied, and I have substituted for it, .Allanto- 
saurus.-O. C. :U. 

 A new order of huge reptiles (Slegosauria), apparently allied to the Dinosaurs and 
Chelonia, and two new genera of Dinosaurs (Apatosaurus and Allosaurus), have since 
been described by the writer from the same Vpper Jurassic borizon.-(American, Journal 
of Science, December, 1877.) 
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The first appearance of birds in America, according to our present 
knowledge, ,vas during the Cretaceous Period, although many an- 
nouncements ha,.e been nUlde of their existence in preceding epochs. 
The evidence of their pre
ence in the Trias, based on footprints and 
other impressions, is, at present, as ,ve have seen, without yalue; 
although we may confidently :nvait their di.scovery there, if not in 
older formations. Arcltæopteryæ, from the European J nra, the oldest 
bird known, and now fortunately represented by D10re than a single 
speciInen, clearly indicates a much higher antiquity for the class. 
The earliest American forms at present known are the Odontornitltes, 
or birds with teeth, which have been exhumed, within the last fe\v 
years, from the chalk' of Kansas. The two genera Hesperornis and 
Ichthyornis are types of distinct orders, and differ from each other 
and from Å'ì-chæopteryæ much more than do any existing birds among 
themselves; thus showing that Birds are now a closed type, and that 
the key to the history of the class must be sought for in the distant past. 
In Hespm"ornis, we have a large aquatic bird, neady six feet in 
length, ,,"'ith a strange combination of charactprs. The jaws are pro- 
vided ,vith teeth, set in grooves; the ,,,ings were ruùinlentary 
and use]ess; while the legs were very similar to those of modern 
diving birds. This last feature was merely an adaptation, as the 
more important characters are struthious, showing that Hespero1.nis 
was essentially a carnivorous swimming ostrich. IclttllYOí"nis, a small 
fiying bird, was stranger still, as the teeth ,vere in sockets, and the 
vertebræ biconcave, as in fishes and a fe,v reptiles. .L1patorni.
 and 
other allied forms occur in the same beds, and probably all were pro- 
vided with teeth. It is strange that the companions of these ancient 
toothed birds should h
ve been Pterodacty]s 'without teeth. III the 
later Cretaceous beds of the Atlantic coast various renlains of aquatic 
birds have been found, but all are apparently distinct fron1 those of 
the West. The known genera of American Cretaceous birds are- 
Apatornis, Baptornis, Graculavu's, rIesperornis, Ichthyo'ì-nis, Laornis, 
Lestor11Ís, Palæotringa, and TelJnatornis. These are represented by 
some twenty species. In Europe, but two species of Cretaceous birds 
are known, and both are based upon fragmentary specimens. 
During the Tertiary period, birds were nnn1erous in tl)is country, 
and all yet discovered appear to have belonged to model'n types. 
The Eocene species described arc mostly w.ading birds, but here, ana 
in the later Tertiary deposits, son1e characteristic American forms 
Iuake theil. appearance, strongly foresllado,ving onr pre
ent avian 
fauna. Tho extinct genera are the Eocene Uint01-nis, related to the 
woodpeckers, and .Aletornis, 'which includes several 
pecies of waders. 
Among the existing genera found in onr Tertiary beds arc-..1qllila, 
Bubo, Melearrris, Grlls, Graclllu8, Pujfinus, and Cata'ì.}-actes. The 
great auk (Alca impennis), 'which 'was once very abundant on our 
northeast coast, has become extinct within a few years. 
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In this brief summary of the past life of reptiles and birds in Amer- 
ica, I haye endeavored to exclude doubtful forms, and those yery im- 
perfectly known, preferring to present the conclusions reached IJY 
careful study, illcoHlplete though they be, rather than weary you with 
a descriptivc catalogue of all the fossils to ,,"hich names have Leon 
applied. E,"cn this condensed rcvie\v can hardly fail to give you 
some conception of the ,vealth of our continent in the extinct forms 
of these groups, and thus to suggest what its actual life Inust have 
been. 
Although the Trias offers at present the first unquestioned evidence 
of true reptiles, ,ve certainly should not be justified in supposing for 
a moment that older fornls did not exist. So too in considerinO' the 
o 
differe
t groups of reptiles, 'which seem to make their first appearance 
at certain horizons, flourish for a time, and then dec1ine, or disappear, 
every day brings evidence to show that they are but fragments of the 
unraveled strands ,vbich converge in the past to forin the mystic cord 
uniting all life. If the attempt is made to follo,v back any single 
thread, and thus tracc the lineage of a group, ,ve are met by difficul- 
ties n
bich the science of to-day can only partially ren10YC. And yet 
the anaton1Íst constantly sees in the fragments which he studies 
bints of relatiollship which are to hÍln sure prophecies of future dis- 
coverIes. 
The genealogy of the Clzelonia is at pre
ent unkno"
n, and our 
AU1erican extinct fol'lus, so far as ,,"'e no,v have thelll, throw little 
ligl1t on their :lncestry. This is essentially true, abo, of our Plesio- 
sau1'ia, Lacertilia, and Ophidia, although suggestive facts are not 
wanting to indicate possible lines of descent. 'Vith the Crocodiliu, 
however, the case seems to be different, and IIuxley has clearly pointed 
out the padl for investigation. It is probable that mat.erial already 
exists in our 111useums for tracing the group through several important 
steps in its developn1ent. 'Ve have already seen that the 1110dern 
})l"ocælian type of this order goes back only to the Upper Cretaceous, 
while the Belodonts, of our Triassic rocks
 with their biconcave yerte- 
bræ, are the oldest known Crocodilians. Our Jurassic, unfortunately, 
throws but little light on the intermediate fOrIns, but ,ve kn<nv that 
tbe line was continned, as it ,,"'as in the Old 'Y orId through 
I'eleosazn''lls. 
The beds of the Rocky l\Ionntaill Wealden I JW.ve just furnished us 
,,
ith a genuine" n1issing link," a saurian (DiplosaU'J"'lls) with essen- 
tially the 
kull and teeth of a 1110clern crocodile, and the vertebræ of 
its prcdecessor from the Trias. This peculiar reptile clearly represent
 
an iInportant stage in the pl'ogressÏ\
e series, and cvidently one soon 
after the separation of the crocodile branch from the majn stem. The 
modern Gavial type appears to have been devclopeù about tJ1e same 
time, as the form was well established in the IT pper Cretaceous genus
 
Thoracosaurlls. The Teleosauriall gronp, ,,
ith biconcave vertebræ, 
1 See note on page 520, al:;o section. 
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evidently the parent stock of Crocodilians, became extinct ,vith IIy- 
POS(HU'US of the sallIe horizon, leaving the crocodile and gavial, with 
their nlore perfect procælian vel'tebræ, to contend for the 
upremacy. 
In the early Eocene, both of these typcs ,vere abun<.lant, but some of 
the crocodiles possessed character8 pointing toward the alligators, 
wùich do not appear to have been conlpletely differentiated until 
later. 
Nothing is really known to-day of the earlier genealogy of the 
PterosCturiCt}. but our American fornls, 'without teeth, arc clearly the 
last stage in their developmcnt before this peculiar group became 
extinct. The oldest European form, IJiJnorpltodon, from the Lower 
Lias, had the entire jaws armed with teeth, and ,vas provided 'with a 
long tail. The later genus, Pterodactylus, retained the teeth, but had 
essentially lost the tail; while Ran1jJhorhyncltus had retained the 
elongated tail, but had lost the teeth from the fore-part of both jaws. 
In the genus Pteranodon, froIll the All1erican Cretaceous, the teeth 
are entirely absent, and the tail is a mere rudiment. In the gradual 
loss of the teeth and tail, these reptiles followed the same path as 
binls, and might thus seem to approach them, as many have supposed. 
This resemblance, ho\vever, is only a superficial one, as a study of the 
Illore important characters of the Pterodactyls shows that they are an 
aberrant type of reptiles, totally off the line through \vhich the birds 
\vere deveJoped. The announcement made not long since in Europe, 
and accepted by some American authors, tbat the Pterosaurict, in 
consequence of certain points in their structure, ,vere essentially birds, 
is directly disproved by American specimens, far more perfect than 
those on which the conclusion ,vas based. 
It is now generally admitted, hy biologists \vho have made a study 
of the vertebra.tes, that binls have COlne down to us through the Dino- 
saurs, and the close affinity of the latter with recent struthions birds 
will hardly be questioned. The case amounts ahnost to a demonstra- 
tion, if we compare, with Dinosaurs, their contemporaries, the 
Iesozoic 
birds. The classps of Birds and Reptiles, as now living, are separated 
hy a gulf so profound that a fe\v years since it ,vas cited ùy the oppo- 
nents of evolution as the most important break in the animal series, 
and one which that doctrine could not bridge over. Since then, as 
IIuxley has clearly shown, this gap has been virtually fillcd by the 
discovery of bird-like reptiles aull reptilian birds. Gompso[Jnathus and. 
Archæopteryx of the Old 'V orld, and IclLtllYOJ.nis and IIe..;;perornis of 
the N e\v, are the stepping-stones by which the evolutionist. of to-day 
leads the doubting brother across the shallow remnant of the gulf 
once thought impassable. 


[To be continued.] 
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THE GRO'VTII OF TIlE STEA1\I-ENGINE.l 


By PROFESSOR R. H. THURSTON, 
OF THE STEVENS UìSTITCTE OF TECHNOLOGY. 


v. 


STEAM-NA VIGATION (continueil). 


93. The prize gained by Fulton "ras, ho,YeY
r, most closely con- 
tested by Colonel John Stevens, of Hoboken, ,vho has been a1ready 
mentioned in connection with the early history of rai1roads, and who 
had been, since 1791, engaged in similar eXI)eriments. 
In 1789 he had petitioned the Legislature of the State of K ew 
York for an act similar to that granted I..ivingston, and stated that 
his plans "Tere complete, and on paper. 
In 1804, while Fulton was in Europe, Stevens had completed a 
steamboat (Fig. 53) sixty-eight feet long and fourteen feet b
am, 
which combined novelties and merits of design in a manner that was 
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FIG. 53.-JOIIN STEVENS'
 SCREW-STEAMER, 1604. 


the best possible evidence of remarkable in ventive talent, as well as of 
the most perfect appreciation of the nature of the problern which he 
had proposed to himself to solve. 
The nlachinery of this interesting vessel is carefully preserved 
among the collections of the Stevens Institute of Technology. Its 
boiler, sho\\ n in section, in Fig. 54, is of what is now kno,vn as the 
water tubular variety. The inventor says in his specifications: "The 
pri.nciple of this invention consists of forming a boiler by means of 
a system or combination of small vessels, instead of using, as is the 
common mode, one large one; the relative strength of the materials 
1 An abstract of "A History of the Growth of the Steam-Engine," to be published 
by D. Appleton & Co. 
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of which these vessels are composed increasing in proportion to tIle 
diminution of capacity." The steamboat boiler of 1804 was built to 
bear a working pressure of over fifty pounds to the square inch, at a 
time when the usual pressures were 
from four to seven pounds. It con- 
sists of two sets of tubes, closed at 
lone end by solid plugs, and at their 
I. opposite extremities screwed into a 
I stayed water and steam reservoir, 
i which ,vas strengthened by hoops. 
The whole of the lower portion was 
inclosed in a jacket of iron lined / / / 
with non-conducting material. The FIG. 54.-STEVE:NS'S "SECTIONAL" BOILER, 
'--' 1804. 
fire was built at one end, in a fur- 
nace inclosed in this jacket. The furnace-gases passed among the 
tubes, <lown under the body of the boiler, up among the opposite set 
of tubes, and thence to the smoke-pipe. In another fonn, as applied 
to a locomotive in 1825, the tubes were set vertically in a douùle cir- 
cle surrounding the fire. 
The engine (Fig. 55) was a direct-acting, high-pressure condensing 
engine of ten inches dianleter of cylinder, two feet stroke of piston, 
and drove a screw of four blades, and of a form which, even to-day, 
appears quite good. The hub and one blade of this screw are still pre- 
served. The whole is a most remarkable piece of early engineering. 
The use of such a boiler seventy years ago is even more remark- 
able than the adoption of the screw-propeller in such excellent propor- 
tions thirty years before the labors of Smith anù of Ericsson brought 
the screw into general use. \V e ha'
e, in this strikingly original COlll- 
bination, as good evidence of tbe existence of unusual engineering 
talent, in this fellow-countryman of ours, as ,ve fonni! of his political 
and statesman-like ability in those efforts to for,vard the introduetion 
of railways already described. 
Colonel Stevens designed a peculiar form of iron-c1ad in th(' year 
1812, which has been since reproduced by no less dif'tingnished and 
successful an engineer than th(' late John Eld('r, of Gla
gow, Scot- 
land. It consisted of a saucer-shaped hull, carrying a heavy battery 
and plated with iron of ample thickness to resist the shot fired from 
the heaviest ordnance t}len kno'wn. This vessel was secured to a 
swivel, and "'''as anchored in tbe channel to be defended. A set of 
screw-propellers driven by steam-engines and situated beneath the 
vessel, where they were safe against injury by shot, were so arranged 
as to permit the vessel to be rapidly revolved [I bout its centre. As 
each gun was brought into line of fire it was discharged, and 'vas then 
reloaded before coming around again. This was probably the earliest 
elnbodiment of the no"r well-establishC'd "ì\Ionitor" principle. 
This great engineer and inventor ,vas tllerefore far in advance of 
VOL. XII.-34 
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his time. The sectional steam-boiler only jUf't becoming a standard 
type; high-pressure steam ,vith conden
ation lIas just beconle gen- 
erally adopted; the screw only came in use forty years later, when 
Ericsson, Smith, and 'V oodcroft, came forward with it, and twin- 
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FIG. 55.-MACHINERY OF 'l'WIN-SCREW STEAMER OF 1804. 


screws are hardly yet familiar to engineers. The revolving battery 
protected by iron plating is anotber of what are generally considered 
recent devices; and the peculiar Stevens revolving ship is reproduced 
ùy Elder sixty years later. 
A nlode] of the little steamer built in 1804 is preserved in the 
lecture-room of the department of mechanical engineering at the 
Stevens Institute of Technology, and the machinery itself (Fig. 55), 
the high-pressure "section" or "safety" tubular boiler a!.' it ,vauid 
be called to-day, the high-pressure condensing engine with rotating 
valves, and with twin-screw propellers, is given a place of honor in 
the model-room or museum, where it contrasts singularly with the 
mechanism contributed to tbe collection by manufacturers and inyent- 
ors of our 0 wn time. 
94. The first of Stevens's boats performed so well that he immedi- 
(, -=' 
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FIG. 56.-STEVENS'S TWIN-SCREWS, 1805. 


ately built another one, using the same engine as before, but elnploying 
a larger boiler, and propelling the vessel by t'Win-screws (Fig. 56 1), the 
latter being anotber instance of his use of a device brought forward 
long afterward as new, and since frequently adopted. 
1 These cuts are lac-similes of steel engravings made for Stevens. 
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This boat was sufficiently successful to indicate the probability of 
making steam-navigation a commercial success, and Stev
ns, assisted 
by his sons, built a boat which he named the Phænix, and made 
the first trial in 1807, just too late to anticipate Fulton. This boat 
was driven by paddle-wheels. 
The Phænix, shut out of the waters of the State of N ew York 
by the 1l10nopoly beld by Fulton and Livingston, ,vas placed for a 
time on a route between Hoboken and New Brunswick; and then, 
anticipating a better pecuniary return, it was concluded to send her 
to Philadelphia to ply on the Delaware. 
At that time, no canal offereJ the opportunity to n1ake au inland 
passage, and, in June, 1808, Robert L. 
tevens, a 
on of John, started 
,vith Captain Bunker to make tho passage by sea. 
L\.lthough meeting a gale of wind, he arrived at Philadelphia safe- 
ly, having been the first to trust himself on the open sea in a vessel 
relying entirely upon stealn-power. 
95. Fron1 this time for,vard the 
lessrs. Steyens, father and sons, 
continued to construct steam-vessels. . 
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ROBERT L. STEVENB. 


. After Fulton and Stevens bad led th(\ way, steanl-navigation "as 
lutroduCl.a vc>ry rapidly on both siòes the ocean ana on the 
Iissis- 
. . , 
SIpp. the nunlber of boats set afloat W3S soon large enough to fnlfill 
Evans's profli('tion that the navigation of tJ1at rhrer 'would become 
a stealn-navigation. 
EXCl'pt in Stevens's earlier boat
, and in the boats plying on the 
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'Vest ern rivers, aJl steamers were then propelled, as they are stil1, by 
condensing engines. The instrument of propulsion ,vas also, even in 
Stevens's own boats after his earlier experiments, the paàdle-wheel. 
Tbe use of the screw did not become general, even in deep water, 
until within the last twenty years. 
96. The steam-engine in most general use for sea-going ships wIlen 
tIle introduction of the screw compelled its ,vithdrawal, with the pad- 
dle-wheel which it drove, was that shown in Fig. 57, ,yhicb repre- 
sents the side-lever engine of the steamer Pacific, as designed by 
Charles 'V. Copeland. 
In the sketch, A is the steam-cylinder; BOthe side-rods, or 
links, connecting the cross-head in the piston-rod ,vith the end-centres 
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FIG. 57.-THE SIDE-LEVER ENGINE, 1849. 


.1), of the side-lever D E F, ,,"hich vibrates about the n1ain centre 
E, like the overhead beams. A cross-tail at G is connected \yith the 
side-lever and with the connecting-rod G H, ,vhich latter cOIDlnuni- 
cates motion to the crank I J, turning the main shaft J. The air- 
pumi) and condenser are seen at 0 J.1L This engin{> was one of the 
earliest and best examples of the type, and perhaps the first eyer 
fitted with a framing of wrought-iron. 
97. After the experiments of Stevens, we find no evidence of the 
use of the screw, although schemes were proposed and various forms 
were even patented, until about 1836. 
In 1836 Francis P. Smith, an English farmer, who had become 
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interested in the subject, experimented with 3 ðcrew made of wood, 
and fitted in a boat built with funds furnished by a 
lr. \V right, a 
London banker. He exhibited it on the Thames and on the Padding- 
ton Canal for several Ill0nths. In February, 1837, by an accident, a 
part of the screw-blade was broken off, and the improved perform- 
ance of the boat cålleù attention to the advisability of determining 
its best proportions. 
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FIG. 58.-THE SIDE-WHEEL OCEAN-STEAMER, 1850. 


In 1837 Sn1Íth exhibited his courage and his faith in the reliabil- 
ity of bis litt1e steam
r by making a coasting-voyage in quite hea'
y 
weather, and the p(1rformance of his vessel was such as to fully jus- 
tify the confidence felt in it by its designer. 
The Briti.;;h .L\dmiraIty Soon had its attention called to th(1 per- 
formance of this vessel, and to the very excellent results attained by 
the ....\rchimedes, a vessel of 237 tons burden, which was built by 

lnith and his coadjutors in 1838, and tried in 1839, attaining a 
speed of eight knots an honr. By the performance of the Archime- 
des, the ad \Tantages of screw-propulsion, es})ccially for naval pur- 
poses, were rendered so evidt
nt that the British Government built its 
first screw-vessel, tbe Rattler, and BruneI adopted the screw in the 
iron Rteanler Great Britain, which had been designed originally as a 
paddle-steanler. 
98. Simu1tanet>usly with Smith. Captain John Ericsson ,vas en- 
gaged in the Salll(1 project. 
lIe patented, .Tuly, 1836, a propeller 'which ,vas found at the first 
trial to be of suo1] good forrn and proportjons as to give excellent 
results. 
IIis first vessel was the Francis B. Ogden, named after the United 
States consul at Liverpool, who had lent the inventor valuable aid in 
his work. The boat was forty-fi \'e feei long, eight feet bealn, and drew 
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three feet of water. It attained a speed of ten miles an hour, and 
towed an American packet-ship, the Toronto, four and a half miles 
an hour on the Thames. This 'was a splendid success. 
Ericsson built several scre,v-boats, and finally, meeting Captain 
Robert F. Stockton, of the United 
tates Navy, that gentleman was 
so fully convinced of the merits of Ericsson's plans that he ordered 
an iron vessel of seventy feet length and ten feet beam, ,,
ith engines 
of fifty-horse power. 
The trial of the Stockton, in 1839, was eminently satisfactory. 
The vessel was sent to America under sail, and the designer was soon 
induced to follow her to this country, where his later achievem-ents 
are 'v ell known. 
The engines of the Stockton were direct-acting, the first examples 
of engines coupled directly to the crank-shaft without intermediate 
gearing, that we meet with after that of John Stevens. 
99. Soon after Ericsson arrived in the United States, he obtained 
an opportunity to design a screw-steamer for the United States Navy, 
the Princeton, and, at about the same time, tbe English and French 
Governments had screw"-steamers built from his plans, or from those 
of his agent in England, the Count de Posen. 
In these ships-the Amphion and the Pomone-tbe first horizon- 
tal, direct-acting engines ever built 'v ere used. They were fitted with 
double-acting air-pumps, having canvas valves and otber novel feat- 
ures. 
From 1840 the screw gained favor rapidly, and finally began to 
di
place the paddle for deep-water navigation. Progress in this di- 
rection was at first somewhat slow. 
In 1840, and during the following ten years, many experiments 
were instituted between the performance of screw and paddle steam- 
ers without definitely settling engineering practice. 
100. The reason was, probably, tbat the introduction of the rapid- 
ly-revolving scre"
, in place of the slo,y-moving })addle-wheel, neces- 
sitated a complete revolution in the design of their steam-engines. 
And the unavoidable change from the heavy, long-stroked, low-speed 
engines, previously in use, to the light engines, with sInal] cy1inders 
and high piston-speed, called for hy tlle new system of propulsion, 
was one that l1ecessarilyoccurred slowly, and ,vas accolllpanied by 
its share of those engineering blunders and accidents that invariably 
take place during sucb periods of transition. · 
Engineers had first to learn to design such engines as should be 
reliable under the tben novel conditions of screw-propulsion, and 
their experience could only be gained through the occurrence of 
many mishaps and costly failures. The best proportions of engines 
and screws for a given ship were determined only by long experience, 
although great assistance was derived from the extensive series of 
experiments made on the French steamer Pelican. It also became 
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necessary to train up a body of engine-drivers "rho should be capahle 
of managing these new engines, for they required the exercise of a 
then unprecpdented amount of care and skill. Finally, with tbe ac- 
complishment of these two requisites to success, must simultaneously 
occur the enlightenment of the public, l)l'ofessional as "rell as non- 
professional, in regard to their advantages. 
Thus it happens that it is only very recently that the screw Las 
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attained its proper pInce as an instrument of propulsion, and has only 
now driven the paddle-wheel nllnost out of use, except in shoal water. 
N o\\r onr large screw-stealners arc of higher speed than any pad- 
dle-steanH.
rs on the ocean, sometimes crossing the Atlantic fronl New' 
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York to Queenstown in a week, making tl1eir passages with wonder- 
ful regularity, and developing their power at far le
s cost than the 
old side-wheel steamers. This increased economy is due, not only to 
the use of a more efficient propelling instrument, but, perhaps in even 
a higher degree, to the economy which has followed as a cOJ1lSequence 
of the accompanying changes in structure of the steam-engine driv- 
ing it. 
101. The earliest days of scre\v Vropulsion witnessed the use of 
steam of ten or fifteen pounds' pressure, in a geared engine using jet 
condensation, and giving u horse-power at an expense of, perhaps, 
seven or eight pounds of coal per hour. 
A little later came direct-acting engines with jet condensation, 
and steam at t,venty pounds' pressure, costing about five or 
ix 
pounds per horse-po,ver per hour. The steam-pressure rose a little 
higher with the use of greater expansion, and the economy of fuel 
was further increased. The introduction of the surface-condenser 
, 
which began to be generally adopted some ten or fifteen years ago, 
brought down the cost of })ower to bet .ween three and four pounds in 
the better class 'of engines. 
At about the saIne time, tl1Ïs change to surface-condensation help- 
ing greatly to overcome the troubles arising from boiler-incrustation, 
which had checked the rise in steam-pressure above about twenty-five 
ponndR, and, it being:1t the san1e tin1e learned by engineers tbat the 
deposit of the scale and sulphate of lime in the nU1rine boiler was de- 
tern1Ïned by ten1perature rather than by the degree of concentration, 
and that all the lime entering the boiler was deposited at the pre
sure 
just mentioned, a sudden advance took place. 
Careful design, good workmanship, and skillful nlanagement, 
made the surface-condenser an efficient apparatus, and, the dangers 
of incrustation being thus lessened, the movement to,vard bigher 
pressures recommenced and progressed so rapidly that, now, seveJlty- 
five pounds per square inch is very usual, and two hundred and fifty 
pounds has been attained in marine engines built by tbe l\Iessrs. Per- 
kins, who are said to have reached the remarkable economy of a 
horse-power for each pound of combustible consumed in the boiler. 
102. These high pressures, and the greater expansion of tJ)e 8team, 
have, in turn, produced another revolution in engine-construction. 
It has at last becol11e generally known, as was seen by well-in- 
formed and scientific engineers long ago, that one of the most serious 
los
es of heat, and consequently of power, in the steam-engine, when 
expansion is carried to a considerable extent, occurs in consequence 
of condensation and the deposition of moisture upon the interior of 
the cylinder, ,vhich moisture, when the exhaust takes place, carries, 
by its reëvaporation, large quantities of heat into the condenser, with- 
out deriving any power from it. 
The steam-jacket furnishes one means of reducing the amount of 
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this Joss oy keeping up the temperature of the interior of the cylinder, 
ant! thus preventing, in somC' degree, this deposition, and by reëvap- 
orating this Illoisture during expansion, and tbus ùcriving useful effect 
froln heat so expended before the exhaust-valve opens, and it is 
thrown unutilized into the condenser. 
James \Vatt, therefore, applieù the steam-jacket more wisely than 
he knew, for this lnatter was not, in his time, understood. Indeed, he 
gave up its use, thinking it could have no possible econon1Ìcal value, 
but the consequent falling off in the duty of the engine induced bin1 
to restore it, and we still find it on th
 Cornish engiue of to-day. 
103. Tltis loss is al
o, in some degree, prevented, by dividing tbe 
expansive workin!! of the steam among two or more cylinders, as in 
the compound or 'V oolf system described in the preceding lectures. 
IIere the hE:'at ,vastec1 in either cylinder is less, in consequence of 
the lessened range of temperature, and that lost by one cylinder is 
carried into the second, and then, to some extent, utilized. 
The an10unt of saving effected by these lneans is quite consider- 
ahle-so great, in fact, as to bave produced a conlplete revolution in 
engineering practice in the construction of lnarine engines by the 
best-known builders. 
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TIH'Y h:1ve, under the lead of John Elder, adopted the Woolf 
engine, which had, in earlier tilues, with lower stealn, less expansion, 
and less intelligent en
ineering, proyed apparently a failure. 
104. 'ro-day, nearly all sea-going stealllerS are fitted with such 
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engines having surface-condensers, and with tubular boilers, which 
are fitted, frequently, with superheaters. One of the best examples 
of these steamers, the City of Peking, a screw-steamer built by Roach 
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for the Pacific :\fail Company, is a vessel of 5,000 tons. There are two 
pairs of conlpound-engines, having cyHnderA of 51 and 88 inches dimn- 
eter, and 4t feet 
troke of piston. The crank-shafts are 18 inches in 
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diameter. Steam is carried at GO pounds, and is expanded nine times. 
The boilers are tcn in number, cylindrica.l in form, and with cylindri- 
cal flues; they are 13 feet in diameter, 10-1 feet long, ,,
ith shells of 
iron it inch thick, and have 520 feet of grate-surface, 16,500 square 
feet of heating-surface, and 1,GOO square feet of superheating-surface. 
'Tht-' smoke-funnels, or stacks, are 8
 feet in diameter ana 70 feet high. 
Fig. GO shows a section of the simplest and the least costly form 
of compound-engine, as it is no\v built on the Clyde, in Great Britain, 
and in the United States, on tbe Delaware. 
fIere, the cranks T'" Z are coul)led at an angle of ninety degrees, 
only two cylinders, A .B, being used, and an awkward distribution 
of pressure is avoiùed by having a considerable volume of steam-pipe, 
or by a steam-reservoir, 0 P, between the two cylinders. 
'The valves, y y, are set like those of an ordinary engine, the pecu- 
]iarity being that tbe steaIn exhausted by the one cyliuder, A, is used 
again in the second and larger one, B. In this combination, the ex- 
pansion is generally carried to about six times, the pressure of steam 
in the boiler being usually between sixty and seventy-five pounds per 
sq uare inch. 
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FIG. 61.-TuE MISSISSIPPI STEAXBOAT, 1876. 


105. rrhc revolution by which the scre"r has superseded the paddl
- 
whe
l elsewhere, has not taken place in our shallow American rivers, 
wbere there is not òepth enough for the screw. 
In the 'Vest, boats are driven by tllC horizontal high-pressure cn- 
ginp usually, as in tlle days of Oliver EYan
, :-ind retain their peculi- 
arities of construction. Some of the )Iississippi ste
Hnboats (Fig. Gl) 
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make the trip from St. Louis to New Orleans-about 1,200 miles-in 
four days, and can makf\, in still water, more than twenty miles an 
bour. 
In the East, we have a form of engine which is distinctively known 
as the American steam boat-engine. It is shown in Fig. 62. 


,
. 


FIG. 62.-THE AMERICAN BEAM-ENGINE. 


This engine is recognized throughout the engineering world as 
one of tbe most complete and thoroughly perfected of known types of 
steam-engine. 
106. This peculiarly effective and easy-working engine, a.nd tIle 
equally peculiar vessel (Fig. 63) which is usually impelled by it, are, 
in all their peculiarities, characteristically AmE'rican. 
The" skeleton-beam," ,vhich is one of the prominent features, was 
first used by Robert L. Stevens on the ferry-boat Hoboken, in 1822. 
The valve-gear is usually that kno,vn as the "Stevens valve- 
gear." It was invented by l\lessrs. Robert L. and Francis B. Stevens, 
in 1841. The" gallows-frame" took its present form in the hands of 
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l\Iessrs. Stevens. The hull of the Phænix had hollow water-Jines 
si l(ty-five years ago, and this Ï1nportant characteristic of modern "\"es- 
sels is, therefore, an American improvement. 
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The North Amer.ica. (Fig. 64) "Tas built in 1827. The hull ",'as 
stiffened hy the" hog-frame," now as distinctive a charaeteristic of 
the vessel as are the gallows-frame and tbe skeleton-be:::un of the 
engine. 
This engine is not usunlly quite as economical in fuel as are the 
screw-engines last described; but it has thC' aòvantages-which arc 
so extremely important in the sballo,y, flexible hulls of our river-boats 
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-of being the easiest 'working and least easily injured, by " getting 
out of line," of all known forms of engines. 
The British and Continental engineers also still retain the paddle- 
wheel in some of the steamers plying in their narrower and more 
. 
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closely-crowded rivers and harbor
, in consequence of the greater 
facility which it gives for manæuvring. 
107. The magnitude of our modern steamships excites the wonder 
and admiration of even the people of our o-wn time. There is certain- 
ly no creation of art that can be grander in appearance than a trans- 
atlantic steamer, a hundred and fifty yards in length, and ,veighing, 
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with her stores, 5,000 or 6,000 tons, 3S she starts on her voyage, 
moved by engines Ulore than equal in power to the united strength 
of 5,000 horses. N othiug can Jnore thoroughly awaken a feeling of 
awe than the sight of ilnnlense structures like the great modern iron- 
clads (Fig. (5), vessels having a total weight of 8,000 to 10,000 tons, 
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anc1 propellccl by steam-engines of 8,000 or 10,000 horse-power, carry- 
ing guns whose shot penetrate solia iron fifteen inches thick, and 
having a power of impact, when steaming moderately, sufficient to 
raise 35,000 tons a foot high. 
108. Far nlore huge than the )Ionarch among the iron-clads even 
is that prematurely-built monster, the Great Eastern (Fig. 66), more 
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than the eighth of a mile (680 feet) long, of 84 feet beam, and 
drawing thirty feet of water at load-draught, wIJen the weight of 
ship and contents amounts to over 25,000 tons. This great vessel 
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FIG. 66.-THB GREAT EASTERN. 


is driven by stea.m-engines of 10,000 borse-po\ver, turning huge pad- 
dle-wheels 56 feet in diameter, and a screw-propener having a diam- 
eter of 24 feet. 
109. "7" e are evidently fulfilling at least a part of that wen-known 
poetical prophecy ,vhich Dar,,
in wrote in the early days of the 
steam-engine, and possibly before 'Vatt J)ad told bim of the great 
advance which had been l)roduced by his inyentive genius: 


"Soon shall thy arm, unconquered sh
am, afar 
Drag the s]ów barge, or driye the rapid car; 
Or. on wide-waving wings expanded, bear 
The flying chariot through the fields of air." 


K OTE.- "r e are compelled to omit the sketch of the development of the stationary 
engine, and for it must refer our readers to the publication of which this is an ab
tract. 
'Ve shall conclude this series by an abstract of that portion which outlinps the Philo:;o- 
phy of the Steam-Engine, and exhibits the direction of improvement, and the changes 
which must precede the production of a possible new type, "the steam-engine of the 
future. " 


1 " Botanic Garden," London, 1781. 
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EVOLUTION OF CEREMONIAL GOVERN1\IENT. 


By HERBERT SPENCER. 


II. TROPHIES. 


E FFICIENCY of every kind is a source of self-satisfaction; and 
proofs of it are prized as bringing applause. The sportsman, 
narrating his successes when opportunity serves, keeps such spoils of 
the chase as he conveniently can. Is he a fisherman? Then, occa- 
sionally, the notches cut on the butt of his rod show the number and 
lengths of his salmon; or, in a glass case, there is preserved the great 
Thames-trout he once cauO'ht. Has he stalked deer? Then in his 
;::, , 
ball, or dining-room, are fixed up tbeir beads; which IJe greatly es- 
teems when the attached horns bave many" points." Still more, if 
he is a Ruccessful hunter of tige}'s, does he value the skins demon- 
strating his prowess. 
Trophies of such kinds, even among ourselves, gÏ\re to their owner 
some inflltenCe o\'er those around him. A traveler who has brought 
from Africa a pair of elephant's tusks, or the formidable horn of a 
rhinoceros, impresses those who come in contact ,vith him as a man 
of courage and resource, and, therefore, as one not to be trifled with. 
A vague kind of governing power accrues to him. . 
Naturally, by primitive men, whose lives are predatory, and whose 
respective values largely depend on their powers as hunters, animal- 
trophies are still more prized, and tend, in a greater degree, to bring 
honor and influence. Hence tbe fact that rank in Vate is indicated 
by the number of bones of all kinds suspended in the house. Of the 
Shoshone warrior we are told that, "killing a grizzly bear also en- 
titles him to this bonor, for it is considered a great feat to slay one of 
these formidable animals, and only he who has performed it is allowed 
to wear their highest insignia of glory, the feet or claws of the vic- 
tim." Among the Santals "it is customary to hand these trophies 
(skulls of beasts, etc.) down from father to son." And when, with 
such facts to give us tbe clews, ,ve read that the habitation of the king 
of the I{oossas "is no otherwise distinguished than by the tall of a lion 
or a panther hanging from the top of the roof," we can scarcely doubt 
th
t this symbol of royalty was originally a trophy displayed by a 
chief whose prowess had gained him supremacy. 
But, as, among the uncivilized aud semi-civilized, hunlan enemies 
are more to be reared than beast enemies, and conquests over nlpn arc 
therefore occasions of greater triumphs than conquests over animals, 
it results that proofs of such conqnests are usually still more valued. 
A brave who returns from battle does not get honor if hi8 boasts arc 
unsupported by evidence; but if he proves that he has killed bis man 
VOL. XII.-35 
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by bringing back some part of him-especially a part which the corpse 
could not yield in duplicate.-he raises his character in the tribe and 
increases his power. Preservation of trophies, with a view to display 
and consequent strengthening of personal influence, therefore becomes 
an established cu
ton1. In .dshantee "the sn1aller joints, bones, and 
teeth of the slain are "Torn by the victors about their persons." An10ng 
the Ceris and Opatas of Korth l\Iexico, "many cook and eat the flesh 
of their captives, reserving the bones as trophies." And another l\Iex- 
ican race, "the Chichimecs, carried with them a bone on which, when 
they killed an enemy, they marked a notch, as a record of the num- 
ber each had slain." The meaning of trophy-taking, and its social 
effects, being recogc.ized, let us consider in groups the various forms 
of it. 
Of parts cut from the bodies of the slain, heads are the common- 
est; probably as being the most unmistakable proofs of victory. 
'Ve need not go far afield for illustrations both of the practice and 
its motives. The most familiar of books contains them. In Judges 
vii. 25, w'e read: "And they took two princes of the 
Iidianites, Oreb 
and Zeeb; and they slew Oreb upon the rock Oreb, and Zeeb they 
slew at tbe wine-press of Zeeb, and pursued l\Iidian, and brougbt tbe 
heads of Oreb and Zeeb to Gideon on the other side Jordan." The 
decapitation of Goliath by David, follo"red by carrying of his head to 
Jerusalem, further illustrates the custOlll. And, if, by so 
uperior a 
race, heads were taken home as tro})hies, we sha11 not wonder at find- 
ing the custom of so taking them among inferior races all over the 
globe. By the Chichinlecs in North Anleric:l " the heads of the slain 
were placed on poles and paraded through their villages in token of 
yictory, the inhabitants meanwhile dancing round them." In South 
America, by the Abipones, heads are brought back from battle" tied 
to their saddles; " and the 
Iundrucus " ornament their rude and mis- 
erable cabanas ,vith these horrible trophies." Of l\Ialayo-Polynesians 
having a like habit, may be named the K ew-Zealanders; they dry 
and treasure up the heads of their slain foes. In )Iadagascar, during 
Queen Rana valona's reign, heads raised on poles were placed along 
tbe coast. Skulls of enemies are preserved as trophies by the natives 
on the Cong-o, and by other African peoples: "The skull and thigh- 
bones of the last monarch of Dinkira are still trophies of the court of 
Ashantee." Among the Hill-tribes of India, the J{ukis may be in- 
stanced as having this practice. ltlorier tells us that in Persia, under 
the stimulus of n1oney-payments, "prisoners" (of war) "have been put 
to death in cold blood, in order that the heads, ,,
hich are immediate- 
ly dispatched to the king and deposited in heaps at the palace-gate, 
might make a more 
onsiderable show." And that among other 
Asiatic races }]ead-taking persists spite of semi-civilization, ,,
e are 
reminded by the recent doings of the Turks, "Tho have in some cases 
exhumed tbe bodies of slain foes and decapitated them. 
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This lagt instance draw's attention to the fact that this barbarous 
custom has been, and is, carried to the greatest extremes, along 
with militancy the most excessive. Among ancient examples there 
are the doings of Tilnour, with his exaction of 90,000 heads 
from B:lgdad. Of modern examples the most notable comes from 
J)ahomey. "The sleeping.apartment of a Daboman king," says 
Burton, "waR paved with the skulls of neighboring princes and 
chiefs, placed there tbat tbe king might tread upon them." And, 
according to Dalzel, the king's statenlent, that "his house ,\?anted 
thatch," ,vas "used in giving orders to his generals to make war, 
and alludes to the custom of placing the heads of the enemy killed 
in battle, or those of the prisoners of distinction, on the roofs of the 
guard-houses at the gates of his palaces." 
But now, ending instances, let us observe how this taking of 
beads as trophies initiates a means of strengthening political power; 
how it becomes a factor in sacrificial ceremonies; and how it enters 
into social intercourse as a controlling influence. That the pyramids 
and towers of beads built by Timour at Bagdad and Aleppo, must 
have conduced to his supremacy by striking terror into the subju- 
gated, as ,vell as by exciting dread of vengeance for insubordination 
among his followers, cannot be doubted; and that living in a dwelling 
paved and decorated with skulls, implies, in a Dahoman king, a 
character generating fear among enemies and obedience among sub- 
jects, is obvious. In Northern Celebes, "rhere, before 1822, " human 
skulls were the great ornaments of the chiefs' houses," these proofs of 
victory in battle, used as symbols of authority, could not fail to exer- 
cise a governmental effect. 
That heads are offered in propitiation of the dead, and that the 
ceremony of offering them is thus made part of a quasi-worship, 
there are clear proofs. One is supplied by the people just named. 
"'Vhen a chief died his tomb must be adorned with two fresh human 
heads, and if those of enemies could not be obtained sla ,
es were 
killed for the occasion." Among the Dyaks, who, though in many 
respects advanced, have retained this barbarous practice sanctified by 
tradition, it is the same: "the a
ed warrior could not rest in hi
 O"rave 
....... ð 
till his relatives had taken a head in his name." By the l(nkis of 
Northern India sacrificial head-taking is carried still further. l\[aking 
raids into the plains to procnre heads, they" have been know'n in one 
night to carry off fifty. These are used in certain ceremonies per- 
fOrIlled at the funerals of the chiefs, and it is always after tbe death 
of one of their rajahs that these incursions occur." 
That the possession of these grisly tokens of success gives an 
influence in social intercourse, proof is yielded by the following 
passage from 8t. John: "Head-huntin
 is not so murh a religious 
cerClnony among- the Pakatans, Borneo, as merely to show their 
bravery anù manliness. 'Vhen they quarrel, it is a constant phrase, 
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C IIow many heads did your father or grandfather get?' If less than 
his own nun1 bel', , 'Veil, then, you have no occasion to be proud.' " 
The head of an enemy is of inconvenient bulk; and when the 
journey home is long there arises a question-cannot proof tlJat an 
enemy has been killed be given by carrying back a part only? 
In some places the savage infers that it can, and acts on the infer- 
ence. 
This modification and its meaning are wen sho,vn in Ashantee, 
where "the general in command sends to the capital the jawbones 
of the slain enemies;" and where, as Ramseyer further tells us, "a 
day of rejoicing occurred on July 3d, when nineteen loads of jaws 
arrived frolll tbe seat of war as tro})hies of victol'Y." "''Then first 
found, tIle Tahitians, too, carried away the jawbones of their enemies; 
and Cook sa,v fifteen of them fastened up at t]je end of a house. 
Similarly of 'V' ate, where" tbe greater the chief, the greater the dis- 
play of bones," we read that, if a slain enemy was" one who spoke in 
of the chief, his jaws are hung up in the chief's house as a tro}Jhy:" a 
tacit threat to others who vilified him. A recent account of another 
Papuan race inhabiting Boigu, on the coast of New Guinea, further 
illustrates the practice, and also its social effect. Mr. St()ne "writes: 
" By natul'e these people are bloody and warlike among themselves, 
frequently making raids to the' Big Land,' and returning in triumph 
with the beads and jawbones of their I5laughtered victims, the latter 
becoming the propert.y of tbe murderer, and the former of him who 
decapitates the body. The jawbone is consequently held as the most 
valued trophy, and the more a man possesses the greater be becomes 
in the eyes of his fellow-men." It may be added that, by the Tupis 
of South America, trophies of an allied kind were worn. In honoring 
a victorious warrior, "among some tribes they rubbed his pulse with 
one of the eyes of the dead, and hung the mouth upon hit:; arm like a 
bracelet." 
With the display of jaws as trophies, there nlay be named a 
kindred use of teeth. America furnishes instances. The Caribs 
"strung together the teeth of such of their enemies as they had slain 
in battle, and wore thenl on their legs and arms." The Tupis, after 
devouring a captive, presel'ved "the teeth strung in necklaces." The 
Moxos women wore" a necklace made of the teeth of enemies killed 
by their husbands in battle." In the times of the Spanish invaders, 
the Central Americans made an image, "and in its month were in- 
serted teeth taken from the Spaniards whom they 11ad killed.)) And 
a passage quoted above specifies teeth as among the trophies \vorn by 
the Ashantees. 
Other parts of the head, easily detacbed and carried, also serve. 
Where many enemies are slain, the collected ears yield in snlall bulk 
a means of counting; and probably Zenghis }{han had this end in view 
when, in Poland, he "filled nine sacks with the right ears of the 
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slain." Noses, again, are in some cases chosen as easily-enumerated 
trophies. Anciently, by Constantine V., "a plate of noses was ac- 
cepted as a grateful offering;" and, at the present time, the noses 
they have taken are cart"ied by soldiers to their leaders in l\iontenegro. 
That the slain Turks thus deprived of their nose
, even to the extent 
of 500 on one battle-field, were so treated in retaliation for the de- 
capitations the Turks had been guilty of, is true; but this excuse 
does not alter the fact that "the Montenegrin chiefs could not be 
persuaded to give up the practice of paying their clansmen for the 
number of noses produced." 


The ancient l\Iexicans, having for gods their deified cannibal an- 
cestors, in whose worship the most horrible rites were daily performed, 
in some cases took as trophies the entire skins of the vanquisbed. 
" The first prisonel
made in a war was flayed alive. The soldier ". ho 
had captured him dressed himself in his bleeding skin, and thus, for 
some days, served the god of battles. . . . lIe who was dressed in 
the skin walked from one temple to another; men and women followed 
him, shouting for joy." While we here see. trJat the trophy was 
taken by the victor primarily as a proof of his prowess, "re are also 
shown how there resulted a religious ceremony: the trophy was dis- 
played for the supposed gratification of deities delighting in blood- 
shed. There is further evidence that this was the intention. " At 
the festival of the goldsmiths' god Totec, one of the priests put on 
the skin of a captive, and, being so dressed, he was the image of that 
god Totec." Nebel (plate 3, Fig. 1) gives the basalt figure of a priest 
(or idol) clothed in a human skin; and additional evidence is yielded 
by the custom of the neighboring state of Yucatan, where" the 
bodies were thrown down the steps, flayed, the priest put on the 
skins, and danced, and the body was buried in the yard of the tem- 
ple. They took prisoners in war for these sacrifices, and condemned 
some of their own people to them." 
Usually, however, the skin-trophy is relatively small: the require- 
ment being sitnply that it shall be one of which the body yields no 
duplicate. The origin of it is well shown by the following descrip- 
tion of a practice among the Abipones. They preserve the heads of 
enemies, and- 
" When apprehension of approaching hostilities obliges them to remove to 
places of greater security, they strip tlle heads of the skin, cutting it from ear 
to ear beneath the nose, and dexterously pulling it off along with the hair. . . . 
That Abipon who has most of these skins at home excels the rest in military 
renown. " 


Evidently, however, tbe whole skin is not needful to prove previous 
possession of a head: the part covering the crown of the head, dis- 
tinguished from other parts by the arrangement of its hairs, serves 
the purpose: hence scalping. Tales of Indian life have so far fanli1iar- 
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ized us with this custom that illustrations are needless. How in some 
cases, after a victory, "scalps are fixed on a pole" and danced round 
-how they are" highly prized as trophies, and publicly exhibited at 
feasts," need not be proved in detail. But one piece of evidence, 
supplied by the Shoshones, may be named; because it clearly sl}ows 
us the use of the trophy as an accepted evidence of victory-a kind 
of legal proof regarded as alone conclusive. 'Ve read that- 
" Taking an enemy's scalp is an honor quite independent of the act of van- 
quishing him. To kill your adversary is of no importance unless the scalp is 
brought from the field of battle; and were a warrior to slay any number of his 
enemies in action, and others were to obtain the scalps or first touch the dead, 
they would have all the honors, since they have borne off the trophy." 
Though we usually think of scalp-taking in connection with the North 
American Indians, yet it is not restricted to them. IIerodot us de- 
scribes the Scythians as scalping tl}eir conquered enelnies; and at the 
present time tbe N agas of t}Je Indian hins take scalps and preserve 
them. 
Preservation of hair alone, as a trophy, is less general; doubtless 
because the evidence of victory which it -yields is inconclusive; one 
head might supply bail' for two trophies. Still there are cases in 
which an enemy's hair is displayed in proof of success in war. Speak- 
ing of a N aga, Grange says his shield" ,vas covered oyer with the 
hair of the foes he bad killed." The tunic of a l\Ianc1an chief is de- 
Rcribed by Catlin as "fringed ,vith locks of hair taken by I1Ìs Olv'n 
hand from the heads of his enemies." And we are told of the Cochi- 
mis that "at certain festiyals their sorcerers . . . . wore long robes 
of skins, ornamented with human hair." 


Among easily-transported parts carried home to prove victory, 
may next be named hands and feet. By tIle l\lexicall tribes, Ceris 
and Opatas, "the slain are scalped, or a hand is cut off, and a dance 
performed round the trophies on the field of battle." So, too, of the 
Californian Indians, .who also took scalps, we are told that "the yet 
Dlore barbarous habit of cutting off the hands, feet, or head, of a fallen 
enemy, as trophies of victory, prevailed more 'widely. Tl1ey also 
plucked out and carefully preserved the eyes of the slain." Though 
this is not said, 'we may assume that either the right or dIe left foot 
or hand was the trophy; since, in the absence of any distinction, vic- 
tory over t,vo enemies instead of one might be alleged. Hands were 
trophies among ancient peoples of the Old World also. The inscrip- 
tion on a tomh at EI I{ab in Upper Egypt tells how Aahmes, the son 
of Abuna, the chief of the steersmen, " when he had won a hand" (in 
battle), "he received the king's commendation, and the golden neck- 
lace in token of his bravery;" anò. a wall-painting in the temple of 
1\Iedinet Abou, at Thebes, shows the presentation of a heap of bands 
to the king. 
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This last instance introduèes us to Jet another kind of trophy. 
Along with the heap of hands thus laid before the king, there is re!J- 
resented a phaUic heap; and an accompanying inscription, narrating 
the victory of l\Ieneptah I. over the Libyans, besides mentioning the 
"cut hands of aU their auxiliaries," as being carried on donkeys fol- 
lowing the returning army, mentions these other trophies as taken 
from men of the Libyan nation. And here a natural transition brings 
us to trophies of an alJied kind, the taking of \vhich, once common, 
has continued in the neighborhood of Egypt down to modern times. 
'l'-'he great significance of the account Bruce gives of a practice among 
the Abyssinians must be Iny excuse for quoting part of it. lIe says: 
" At the end of a day of battle, each chief is obliged to sit at the door of his 
tent, and each of his followers, who has slain a man, presents himself in his 
turn, armed as in fight, with the bloody foreskin of the man he has slain. . . . 
If he has killed more than one man, so many more times he returns. . . . After 
this ceremony is over, each man takes his bloody conquest, and retires to pre- 
pare it in the same manner the Indians do tlJeir scalps. . . . The whole army 
. . . on a particular clay of review, throws them before the king, and leaves 
them at the gate of the palace." 
Here it is noteworthy that the trophy, first serving to òemonstrate a 
victory gained by the individual warrior, is subsequently made an 
offering to the ruler, and further becomes a means of recording the 
number slain-facts verified by the Illore recent French traveler 
d'Hericourt. That like purposes were similarly served among the 
Hebrews, proof is yielded by the passage which narrates Saul's en- 
deavor to betray David when off
ring him l\lichal to ,vife: "And 
Saul said, Thus shall ye say to David, rrbe king desireth not any 
dowry, but an hundred foreskins of the Phili
tines, to be avenged of 
the king's enemies;" and David" slew of the Philistines two hundred 
men; and David brought their foreskins, and gave them in full tale 
to the king." 


Associated with the direct motive for taking trophies there is an 
indirect motive, which probably aids considerably in developing tIle 
custom. Numerous facts unite to prove that the unanalytical mind 
of the savage thinks the qualities of any object reside in all its parts; 
and that, among others, the characteristics of human beings are thus 
conceived by him. Froin this we found there arise such customs as 
swallowing parts of the bodies of dead relatives, or their groun,d 
bones in water, with the view of inheriting their virtues; devouring 
the heart of a slain brave to gain his courage, or his eyes in the ex- 
pectation of seeing further; avoiding the fle
h of certain tin1id ani- 
mals, lest their timidity should be acquired. A furtIler implication 
of this belief that the spirit of each person is diffused throughout him 
is, that possession of a part of his body gives possession of a part of 
his spirit, and, consequently, a po'wer over his spirit: one coroIlary 
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being that anything done to a preserved part of a corpse is done to 
the corresponding part of the ghost; and that thus a ghost may be 
coerced by maltreating a relic. Hence the origin of sorcery all over 
the world; hence the rattle of dead men's bones so preyalellt with 
primiti ve medicine-men; hence" the powder ground from the bones 
of the dead" used by the Peruvian necromancers; hence the })ortions 
of corpses ,vhich our own traditions of witchcraft name as used in 
composing charms. 
Be:sides proving victory over an enemy, the trophy therefore 
serves for the subjugation of his ghost; and that possession of it is, 
at any rate, in some cases, supposed to make his ghost a slave,:w e 
have good evidence. The primitive belief everywhere found, that 
the doubles of men and animals slain at the grave accompany the 
double of the deceased, to serve him in the other world-the belief 
which leads here to the immolation of ,viyes, who are to manage the 
future household of the departed, there to the sacrifice of horses 
needed to carry him on his journey after death, and elsewhere to tbe 
ldlling of dogs as guides-is a belief which, in many places, initiates 
the kindred belief that, by placing portions of bodies on IJis tomb, the 
men and animals they belonged to are made subject to the deceased. 
Hence the bones of cattle, etc., ,vith which graves are in many cases 
decorated; hence the placing on graves the heads of enemies or 
slaves, as above indicated; and hence a like use of the scalp. Con- 
cerning the Osages, !t1r. Ty lor cites from J\IcCoy and 'Vaitz the fact 
that they sometimes" plant on the cairn raised over a corpse a pole 
with an enemy's scalp })anging to the top. Their notion was that, by 
taking an enemy and suspending his scalp over the grave of a de- 
ceased friend, the spirit of the yictim became subjected to the spirit 
of the buried warrior in the land of spirits." The Ojibways baye a 
like practice, of ,vhich a like idea is probably the cause. 


A collateral devolopment of trophy-taking, which eventually has 
::t share in governmental regulation, must not be forgotten. I refer 
to the display of parts of the bodies of criminals. 
In Ður more advanced minds the enemy, the criminal, and the 
slave, are well discriminated; but they are little discriminated by 
the priluitive man. Almost or quite devoid as 11e is of the feelings 
and ideas we call moral-holding by force whatever he owns, wrest- 
ing froln the weaker the woman or other object he has possession of, 
killing his own child without hesitation if it is an inculllbrance, or his 
wife if she offends him, and sometimes proud of being a recognized 
killer of his fellow-tribesmen-the savage }Jas no distinct ideas of 
right and' wrong in the abstract. The immediate pleasures or pains 
they give are his sole reasons for classing things and acts as good or 
bad. Hence, hostility and the injuries he suffers from it excite in 
him' the same feeling, whether the aggressor is without the tribe or 
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within it: the enemy and the felon are undistinguished. This con- 
fusion, no\v seeming strange to us, we shall understand better on 
remembering that, even in early 5tages of civilized nations, the family- 
groups which formed the units of the national group were in large 
measure independent communities, standing to one another on terms 
much like tboso on which the nation stood to other nations; that they 
had their small blood-feuds as the nation had its great blood-feuds; 
that each falnily-group was re8ponsible to other family-groups for 
the acts of its members, as each nation to other nations for the acts 
of its citizens; tbat vengeance was taken on innocent members of a 
sinning falnily, as vengeance was taken on innocent citizens of a 
sinning nation; and that so the inter-family aggressor (answering to 
the modern crÏIninal) stood in a like relative position with the inter- 
national aggressor. Hence the naturalness of the fact that he "'"as 
similarly treated. Already we have seen how, in mediæval days, the 
heads of slain family-enemies (murderers of its members or stealers 
of its property) were exhibited as trophies. And from the Salic law 
,v-e also learn" that there was beside each dwelling a forked gibbet, 
as there ,vas beside the public tribunals." Since, at tho sanle time, 
the heads of foes slain in battle were brouglit back and displayed- 
since it is alleged by Lehuerou, on the authority of Strabo, that 
sometimes such heads were nailed up to the cbief door of the house 
along with those of private foes-we have evidence that identification 
of the public and the private foe was associated with the practice of 
taking trophies from them both. A kindred alliance is traceable in 
the usages of the Jews. Along with the slain Nicanor's head, Judas 
ord
rs that his hand be put off; and he brings both with him to J eru- 
salem ag trophies: the hand being that ,yhicb he had stretched out in 
blasphemous boasts. And this treatment of the transgressor who is 
an alien is paralleled by tbe treatment of non-alien transgressors by 
David, who, besides hanging up the corpses of the men who had slain 
Ishbosheth, "cut off-their hands and their feet." 
It may, then, be reasonably inferred that the display of executed 
felons on gibbets, or their heads on spikes, originates from the bring- 
ing back of trophies taken from slain enemies. Though usually a 
part only of the slain enemy is fixed up, yet sometimes the whole 
body is, as when the dead Saul, minus his head, was fastened by the 
Philistines to the wall of Bethsban; and that fixing up tbe ,vhole 
body of the felon is more frequent, probably arises from the fact that 
it has not to be brought from a great distance, as would usually have 
to be the body of an enemy. 


Though no direct connection exists between trophy-taking and 
ceremonial government, the foregoing facts reveal such indirect con- 
nections as make it needful to note the custom. It enters as a factor 
into the three forms of control-social, political, and religious. 
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If, in primitive states, men are honored according to their prowess 
-if their prowess is estimated here by tbe number of heads they can 
show, there by tbe Dumber of jawbones, &nd elsewhere by the number 
of scalps-if such trophies are treasured up for generations, and the 
pride of families is proportioned to the number of them taken byan- 
cestors-if of the Gauls in the time of Posidonius we read tllat " tbe 
heads of their ene
ies that were the chiefest persons of quality they 
careful1y deposit in chests, em bahning them ,vith the oil of cedars, 
showing them to strangers, glory and boast" that they or their fore- 
fathers bad refused great sums of money for them-tIle}), obviously, 
a kind of class-distinction is initiated by trophies. On reading, tbat 
in some places a man's rank varies with tbe quantity of bones in or 
upon his dwelling, we cannot deny that the display of tbese proofs of 
l)ersonal superiority originates a regulative influence in social inter- 
course. 
As political control evolves, trophy-taking becolnes in several 
ways instrumental to the maintenance of authority. Beyond the awe 
felt for the chief whose many trophies show his powers of destruction, 
there com
s the greater awe which, on growing into a king with sub- 
ordinate chiefs and de})endent tribes, he excites by accumulating the 
trophies others take on his behalf; rising into dread when he ex- 
hibits in numbers the re1ics of slain rulers. As the practice assumes 
this developed form, the receipt of such vicariously.taken trophies 
})asses into a po1itical ceremony. The heap of hands laid before an 
ancient Egyptian king served to propitiate; as now serves the mass 
of jawbones sent by an Ashantee captain to the court. 'Vhen we 
read of Timour's soldiers that" their cruelty was enforced by tbe per- 
emptory command of producing an adequate number of heads," we 
are conclusively shown that the presentation of trophies hardens into 
a form expressing obedience. Nor is it thus only that a political effect 
results. There is the derived kind of governmental restraint produced 
by fixing up the bodies or heads of felons. 
Though offering part of a slain enemy to propitiate a ghost does 
not enter into what is commonly caUed religious ceremonial, yet it 
obviously so enters when the aim is to propitiate a god developed 
from an ancestral ghost. 'Ve are shown the transition by such a fact 
as that, in a battle bet\veen two tribes of I{honc1s, the first man who 
"slew his opponent struck off his right arm and rushed with it to 
the priest in the rear, who bore it off as an offering to Laha Pennoo 
in his grave;" Laha Pennoo being their" god of arms." Joining- 
with this such other facts as that, before the Tahitian god Oro, buman 
immolations were frequent, and the preserved relics ,vere built into 
walls" formed entirely of human skulls," wl1icb were" principally, if 
not entirely, the skulls of those who }Jave been slain in battle," we 
are shown that gods are worshiped by bringing to them, and accumu- 
lating round their shrines, these l)ortions of enemies killed-killed, 
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not unfreq uently, in fulfillment of their supposed commands. And the 
inference is verified on seeing similarly used other kinds of spoils. 
The Philistines, besides otherwise displaying relics of tile dead Saul, 
put "his armor in the house of Ashtaroth." By the Greeks the 
trophy, formed of arms, shields, and helmets, taken from the defeated, 
was consecrated to some divinity; and the Ronlans deposited the 
spoils brought back from battle in the temple of Jupiter Capitolinus. 
Similarly of the Feejeeans, who are solicitous in every way to propi- 
tiate their bloodthirsty deities, we read that, "when flags are taken 
they are always hung up as trophies in the mbure," or temple. That 
hundreds of gilt spurs of French knights vanquished by the Flemish 
in the battle of Courtrai were deposited in the church of that place, 
and that in France flags taken from enemies \vere suspended from the 
vaults of churches (a practice not unknown in Protestant England), 
are facts that might be joined ,vith these, did not so joining them im- 
ply the impossible supposition that Christians think to please" the 
God of love" by acts like those used to please the diabolical gods of 
cannibals. 
Because of inferences to be hereafter drawn, one remaining gen- 
eral truth must be named, though it is so obvious as to seem scarcely 
worth mention. Trophy-taking is directly related to militancy. It 
begins during a primitive life that is wholly occupied in hostilities 
with men and animals; it develops with the growth of conquering 
societies in .which perpetual wars generate the militant type of struct- 
ure; it diminishes as growing industrialism more and more substi- 
tutes productive activities for destructive activities; and it is a truism 
to say that complete industrialism neces
itates entire cessation of it. 
The chief significance of trophy-taking, ho\vever, has yet to l)e 
}Jointed out. The reason for dealing with it under the general head 
of Ceremonial Government, though in itself scarcely to be classed as 
a ceremony, is that it furnishes us with the key to a large class of 
ceremonies which have prevailed all over the world among tbe unciv- 
ilized and semi-cÍ\rilized. From the practice of cutting off and taking 
away portions of the dead body, there gro,vs up the practice of cut- 
ting off portions of the living body. 


... 


OPIUl\I AND ITS ANTIDOTE.1 


By CHARLES RICHET. 
O PIUl\I is the juice of the poppy, and, a
 there are many varieties 
of the poppy, so too are there many kinds of opium; the mode 
of collecting the juice is, however, always the sanle. In Egypt, 
Syria, and India, the three countries which produce opiun1, a number 
1 From the Revue des Deux ....1Iondes
' translated and condensed by J. Fitzgerald, A. M. 
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of semicircular incisions are made in the capsule of the }JOPPY, and 
the juice which exudes is carefully gathered. 'J:'his juice, on being 
dried in the sun, becomes of a dark color, thickens, and fOJ'ms a brown, 
firm paste: this is opium. Laudanum is a solution of opium in alcohol 
and ,vater. Both opium and laudanum are to be regarded as a mix- 
ture of several similar but not identical substances. Since the time of 
Derosne (1804) and Robiquet (1817), who first isolated narcotine and 
morphine, chemists have very carefully investigated the different 
chemical compounds occurring in opium. Thus they have discovered 
codeine, narceine, thebaïne, papaverine, and other substances, all of 
them bases, i. e., bodies that unite ,vith acids to form crystallizable 
salts. 
These bases do not all affect in the same way tbe organic func- 
tions. Thus, narcotine possesses very little or no soporific power: 
two grammes of it can be injected without perceptible effect, ,vbile a 
centigramme of morphine is quite sufficient to produce therapeutic and 
physiological results. Thebaïne does not cause sleep, and in animals 
produces convulsions like those caused by strychnine, while morphine 
in the same dose produces deep comatose sleep. Another curious 
thing about these opium alkaloids is, that they do not act alike on 
man and animals, as has been demonstrated by Claude Bernard. 
l\Ian is specially sensitive to tbe action of nlorphil1e, while thebaine 
is alnlost without effect upon his nervous system: animals, on the 
other hand, feel the effects of morphine only when it is gi ven in large 
doses, while thebaïne is for thenl a violent pcison. So, too, ,vith bel- 
ladonna, and atropine, its active principle, they are a deadly poison 
for man, but almost "without 
ffect on rabbits: the dose of atropine 
that would suffice to kill ten men would hardly be enough to kill one 
rabbit. The difference is not so great with respect to morphine, yet 
morphine specially affects man; bence in this article we will consider 
only this one opium alkaloid. 
When, in '
Le J\Ialade imaginaire," honest Argan is asked "ùy 
opium causes sleep, his artless reply is, "Quia habet })roprietatem 
dormitivanl." Nowadays we are not content ,vith this kind of ex- 
planation, and some authors bave sought for the" dormitive Pl'OP- 
erty" of opium in the state of the cerebral circulation; and, though 
the true cause has not yet been certainly estaùlis}}ed, still it is some- 
thing that research has been made. 
It is not yet positively decided whether opiunl produces anæmia 
or whether it produces congestion of the brain; indeed, "we know lit- 
tle more than did Argan, namely, that it sets one asleep. This sleep, 
however, is in some respects different from ordinary sleep. Fronl 
thirty to sixty minutes after taking opium one feels 3 slight excita- 
tion; there is a general feeling of buoyancy :Inù contentment, soon 
followed by drowsiness and a state of reverie rather than of dream- 
ing. There is a pleasurable feeling of abandon, and an agreeable 



OPIUM AND ITS ANTIDOTE. 


557 


sense of torpor creeps over the whole frame; the thoughts are like 
the ever-shifting scenes of a phantasmagoria, on which we passively 
gaze, without ,vill or effort to alter the series. Still, so long as the 
intoxication is not deep, such effort is possible. One feels that he is 
falling asleep, and that if he would but bestir himself he might over- 
come his drowsiness. But little by little the legs grow heavy, the 
arms fall to the sides alnlost powerless, and the weighted eyelids 
refuse to remain open. A dreanlY, ranlbling sort of thinking still 
goes on, and there is as yet no sleep; we are still conscious of 
the world around. We indistinctly hear the tic-tac of the clock 
and the rumble of passing vehicles, but it is as though, so to speak, 
another person were listening and not we. The active, conscious 
Me exists no more, and another personaJity seems to have taken its 
place. Gradually everything becomes more and more indistinct, our 
thoughts are enveloped in a haze, ,ve feel ourselves detached from 
matter, detached from our bodies, .and transformed into thought, 
which flits about, so to speak, becoming more and more brilliant, but 
at the same time more and more confused. Then the outer world dis- 
appears, and there remains only an inner world, sornetimes full of 
tumult and delirium, and producing feverish excitement, or, as is 
more frequently the case, calm and quiet, and full of delightful re- 
pose. This intoxication is purely psychical, and far superior to the 
intoxication produced by alcohol or hasheesh, for, though hasheesh 
gi yes one a few hours of insanity, opium gives sleep, and with this 
boon there is nothing that can compare. One must have suffered from 
insomnia in order to appreciate the value of opium. It brings sleep, 
and it banishes pain. 
It is one of the most powerful agents ,ve possess for modifying 
the sensibility, but whether it does this by acting upon the sensor 
nerves or on the brain we }\:now not with certainty. Even where it 
does not procure sleep, it has the singular power of calming the ex- 
citability of the nerves, and of subduing that morbid state of the 
sensibility cal1ed by physicians hyperæsthesia. It has been observed 
that when it reduces hyperæsthesia it does not cause sleep, an its 
force seemingly being spent in combating pain. In cases of stubborn 
neuralgia opium appeases suffering, and a larger dose is required to 
produce sleep. But is it not enough that it allays the irritability 
of a diseased nerve? Some persons cannot live witbout opium, and 
they swaB ow enornlOUS quantities of it without perceptible effect. 
Herein opium differs ,videly from alcohol. Alcohol is cumulative in 
its effects, and the more one is addicted to its use, the more easily is 
he intoxicated by it. One does not become habituated to alcohol in- 
toxication, but ,vith opium the case is different; one may become so 
accustomed to it as to be able to drink daily a litre of laudanum, 
twenty drops of which would be a strong enough medicinal dose for 
a non-habituated person. 



55 8 THE POPULAR SCIENCE MONTHLY. 


In China there is the same popular denland for opium that exists 
in Europe for alcohol and tobacco. The use of opium does not date 
very far back, and it is probably the only innovation that China bas 
adopted from the 'Vest. The importation of opium from India into 
China amounted in 1798 to 300 tons, in 1863 to 3,000 tons, in 1866 to 
3,903, and since then the increase has been still more rapid. 1 
Opium is chewed, or smoked in a pipe, the latter mode of using it 
being the more common. The bow I of a long-stemmed pipe is filled 
with the drug, and, as the opium swells and adheres to the pipe, a 
needle is in constant use to keep open an air-passage. As the drug 
burns with difficulty, the smoker must have a light ready at hand .for 
use wheneyer his pipe goes out. 
The number of opium-smokers is considerable, but the great ma- 
jority of them use the drug only in moderation. The ,vealtJJÏest 
mandarins, tbe most intelligent merchants, smoke opium, as do the 
humblest coolies. The use of opium is like the use of tobacco among 
ourselves; nor does it produce any greater mischief, at least among 
the well-to-do classes; but with the common people it is different. 
There are establishments specially devoted to opium-smoking-places 
where, for a trifling sum of money, one may gratify this appetite. 
Rarely does a smoker leave before he is fuBy under the influence of 
the drug, just as the drunkard does not quit thc gin-shop until he is 
fuddled. So used, opium is certainly a dangerous poison, and, accord- 
ing to the testimony of all travelers, the wretches who daily commit 
such excesses speedily faIl to a fearful state of degradation, both 
moral and physical. Pale, wan, gaunt, shambling along with diffi- 
culty, they must have recourse to artificial stimulation in order to 
regain a part of their wasted energy. Still the injurious effects of 
opium have in all probability been very much exaggerated: the num- 
ber of deaths caused by the abuse of the drug is not very great; and 
many of those who smoke it, even in considerable quantity, retain 
unimpaired their mental faculties. True, the digestive functions 
rarely escape impairment. Dyspepsia and general emaciation are the 
result of this sad habit; but, howevcr that may be, China is not yet 
by any means on the brink of ruin, and, if she is in a state of deca- 
dence, the blame does not attach to opiunl. 
Opium has its antidote: just as 'we can produce sleep, so too can 
we produce sleeplessness, by the employment of a mind-poison ,vhose 
effects are diametrically opposite to those of tl1e other. The antidote 
of opium is coffee. One hundred years ago coffee was almost unknown, 
but now there is hardly another beverage that is so widely distrib- 
uted. Everyone has it in his power to judge of the effects of coffee. 
For some persons it is a stimulus necessary for the perforo1ance of 
intellectual w.ork. In others it produces a painful state of insomnia: 


I The native production of opium has of late years a\tained very considerable propor- 
tions.- Tra.ns. 
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taken even in weak doses it causes restlessness and anxiety, a sort of 
feverish activity altogether different from the indolent activity of 
opium. Under the action of opium the \vill seems to be lulled to 
sleep and the Ïlnagination runs riot. But nnder the influence of coffee 
the ilnagination is hardly stimulated at all, while there does appear 
to be excitation of the will. Did I not fear being suspected of hav- 
ing a theory to defend, I should say that the faculties of will and 
consciousness seem to be superexcited: there is, as it .were, a constant 
strain on attention and memory, whereas in the case of alcohol, hash- 
eesh, and opium, there is a relaxing of attention. Hence coffee pro- 
duces a true intoxication that fatigues one far more than does the 
somnolent intoxication of opium, but it leads to the same result. In 
striving to do too much, the mind does less: under stimulation the 
will is impaired; and the perfect equilibrium of the mental faculties 
is disturbed as well by excess as by defect of will. 
Coffee is said to produce cerebral anæmia, ,vhile opium and alco- 
hol cause congestion; but this theory still needs confirmation. N ev- 
ertheless, the part played by coffee in general nutrition is yery well 
understood. It retards organic combustion, and hence it is an aliment 
d'épargne-a food-stuff that effects a saving of other food-stuffs. In 
the normal state there is always going on within our tissues a multi- 
tude of chelnical actions, the final result of ,,"hich is heat. production 
and liberation of carbonic acid. This carbonic acid passes into the 
venous blood, and the venous blood, on reaching the lungs, parts ,vith 
its carbonic acid. Thus the quantity of the carbonic acid is, to some 
extent, the expression of the nutritive activity. N O\V, on taking 
coffee, though no greater quantity of oxygen be inhaled, and ,vithout 
increasing the ration of food, the quantity of the carbonic acid is re- 
duced, and yet the amount of force is not lessened. As illustrating this 
doctrine, it is usual to cite a fact observed among Belgian miners, 
who can perform a considerable amount of work almost without food, 
their strength being maintained solely by the absorption of a large 
quantity of coffee. lIenee coffee is a food-stuff \vhich moderates 
nutrition 1)y lessening the activity of the chemical transfornultions 
incessantly going on within the tissues. 
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TIlE TELEPHO
E AND HOW IT WORKS. 


By GEORGE 1.1. SHAW. 


A l\IOXG the innulnerable uses of electricity none is more remark- 
able than its employment for the transmission of sound. The 
ultimate mystery of the action we cannot, of course, undertake to 
explain, but the mechanism by \vhich it is produced is by no means 
difficult to understand. 
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If a wire, from a galvanic battery such as is shown in Fig. 1, 
through which a current of electricity is passing, be wound around a 
piece of steel or soft iron, as represented in Fig. 2, some curious 
things will happen. If the bar be soft iron, it will be made magnetic, 
and kept in that condition as long as the current continues to pass 
round it, and its ends will tl1en at- 
tract and hold bits of iron, but drop 
them \vhen the battery is taken 
away. If the bar be of steel, in- 
stead of soft iron, it \vill be mag- 
netized and attract iron just as, be- 
fore; but, unlike the soft-iron bar, 
it will keep its magnetism and at- 
tract the iron even after the battery 
is removed. Its magnetism will be 
permanent. Since, however, elec- 
tricity made the magnet, we can, in 
turn, make the magnet a source of 
electricity. Suppose the magnetized 
Ateel bar has attracted and is }lold- 
ing on to a piece of iron. We can now take the battery away and 
join the ends of the wire, as in Fig. 8; tben, if the piece of iron be 
pulled off and stuck on again, a current of elpctricity will run through 
tbe wire every time it is done. Electricity produced in this way is 
called magneto-electricity, and the current in the ,,-ire is said to be an 
induced electric current. If, now, the wire from bar No.1 (Fig. 4), 
be extended to a distance, and coiled around another magnetized bar 
(No.2), the currents induced in it, by mak- 
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 ing and breaking the contact of the piece 
-. ... of soft iron with the first magnet, will 
FIG. 2. . I ] .æ 1 .. h 
Simu taneous y auect t Ie magnetIsm In t e 
distant magnet also. Though the magnets be a mile or a hundred 
miles apart, the disturbance in one is imn1ediately and equally mani- 
fested in the other. 
But, ,vhat is still more remarkable, tlIese induced currents may be 
sent through the wire without the actual contact of the soft iron with 
the steel bar. If this piece of iron is brought very near to one 
magnet without touching it, and then withdrawn, an electric thrill or 
wave is induced in the \vire which is felt in the distant magnet, just 
as if the contact had been actually made and broken. And so if we 
play the piece of soft iron backward and forward, before the magnet, 
nÛt matter how rapidly or slightly, each motion is felt as an electric 
pulse in the magnet at the other end. To borrow a metaphor from 
life, it is as if the close approach and quick oscillation of the piece 
of soft iron fretted or tantalized the magnet, and sent a series of 
electrical shudders through the iron nerve. 
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We have here the fundamental principle of the telephone. No 
galvanic battery is employed to furnish an electrical current, as in the 
case of the telegraph; but the currents in the wires are produced by 
the motions of the piece of soft iron near the magnet. Thus far we 
have represented these motions in a very rude and coarse way, as if 
the piece of iron were vibrated back,vard and forward by the hand; 
but what we have real1y to deal 
,vith is something infinitely more 
delicate than this. The piece of 
soft iron of which we have been 
speaking, shown at a, Figs. 3 and 
4, represents what is called the 
diaphragm of the telephone, 
which is a thin, circular sheet of 
iron, a coulJle of inches in diameter, held by its rim, and adjusted so 
that its centre conles very close to the end of the magnetized bar. And 
the motions which now concern us are simply the vibrations produced 
in this iron nlembrane by the beats against it of agitated air. Every- 
body knows that sounds are propagated through the aërial medium 
by waves that travel swiftly from their sources, and that ,ve hear 
theIll because the waves strike in rapid succession upon the drum 
of the ear. It is also well understood that these waves differ greatly 
in their rates, depending upon the rapidity of vibration in the sound- 
ing body; and, moreover, tbat they are very complex, there being 
,vaves within waves of various orders in a single tone. It is the 
special cOl1lplexity of these wave-systems, in the different cases, that 
gives those peculiarities of tone that mark different musical instru- 
ments and distinguish the voice in different indiyiduals. These 
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waves, started by a person talking, beat against the diaphragm 
of the telephone as they beat against the tympanum of the ear, and 
throw it into vibrations, which are reproduced in the thrills of the 
magnet that again excite tremors in the. wires, and these, affecting 
the magnet, at the other end set the other diaphragm into vibration, 
and this gives out a ne\v set of air-waves which, falling on the tym- 
panum of the listener, reproduces the original sound or voice. The 
arrangmnent being the same at each end, the machine, 'of course, 
works both ways, so that when a person is talking to the distant 
diaphragm the direction is reversed, and the sounds are enlitted by 
VOL. XII.-36 
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the dia})hragnl near by, and thus the original talker gets his response. 
The action set up in one telephone is instantaneously repeated or 
copied by the other. And so by this mar\"elous chain of effects a per- 
son discoursing, apparently, to a piece of iron, may be intelligibly 
heard hundreds of n1Ïles away, and a conversation kept up between 
the distant parties as if tIley were in the same room. The" ear-shot" 
fro
 the b.eginnin
 of. the world. has been but a few hundred feet; by 
the InventIon of thIS httle contrIvance it is now extended to hundreds 
of miles. 
So much for the theory of the telephone; let us no,v note how it 
may be practically constructed. To make one, procure a tube,.b b 
(Fig. 5), of thin sheet-brass, one inch lonO' , two inches in diameter 
o , 


h 


cd 

 h 
9' 


f 


) < 


:, 
 


e 



' 


--- 
- --- -=--- ---- 


a. 


== 


- 


3' 


e 


b 


4?-Æ<' l. 

 rr. 
C d. 


f 


FIG. 5. 


and with a flange one-half inch wide. Then from a ferrotype-plate- 
the photographer's" tin-type "-cut a round plate, sho'wn edgewise, 
at c c, to cover the tube b b over the flange. This is the vibrator or 
diaphragm. N ext cut a wooden ring or" washer," d cl, the width of the 
flange, and about one-eighth of an inch thick. Then make a spool, e e, 
one inch long, of thin sheet-brass again, ,vith one flange wide enough 
to cover the woodpll ring, the tube of the spool being made so as to fit 
tightly the magnet g, which is a strongly-magnetized steel rod, four 
inches long and three-eighths of an inch in àiameter. The parts win 
then fit together, and may be screwed firmly through the flanges b b. 
The least polished side of the plate c c should faee the magnet, and it is 
well to scrape tIle part opposite tlle end of the bar, so as to expose the 
iron. The spool is to be wound with about fifty yards of No. 36 or 38 
silk-covered copper wire, the thickness of a bristle. The magnet is then 
shoved in, tin it nearly touches the plate c c. After joining the ends 
of the spool-wire to the line-wires f f, that run to another instrument 
just like it, tbe telephone will be ready for use. It is important to 
concentrate the voice upon a narrow space at the miùdle of the plate, 
and for this purpose a movable wooden mouth-piece, a a, is used, with 
an opening at the bottom about the size of a dime. This mouth-piece 
should fit neatly, and reach to within about one-eighth of an inch of 
the din phragm. 
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Fig. 6 represents a section of Bell's telephone. E E is the dia- 
phragm, F the tube, B the silk-covered wire wound upon the spool, 
extending 0 0, to the binding-screws .D IJ, ,vbere they are con- 
nected with the line-wires. The magnet A has its distance from the 
diaphragm adjusted by tbe screw at the opposite end. Fig. 7 repre- 
sents the for
 and aspect of the instrument as used. It is about five 
or six inches long and two and a half inches broad at its widest 
part. In sending a message, the instrument is held to the mouth, 


FIG. 6. 


and the words distinctly spoken in ordinary tones or even a whis- 
per. The instrument is then beld to the ear to receive the answer. 
Instead of this, two telephones connected lnay be used at each station, 
80 that one may be held to the ear all the time, while the other is used 
for telephoning, as illustrated in Fig. 8; and this one, too, in hearing 
a long message, or in a noisy room, may be held to the other ear, and 
80 shut out all other sounds. This also gives two persons a chance to 
hear at the same time, by giving a telephone to each. 
Several telephones may be connected together in one office, so that 
any number of persons, by having one each, may hear the same message. 
In singing, each singer has a telephone. At the late fair of the Ameri- 
can Institute, we were one evening listening to a quartet of college- 
boys, uproariously singing" U pidee i-dee-i-da," in the 
Pribune Build- 
ing, through six miles of wire, when suddenly all was still. "Hello!" 
we shouted. " Hello you!" was ans wered back. "What's the mat- 
ter ? " "Big fire in Leonard Street. The fire is-" " Never mind 
the fire; go on with the singing," we rejoined, and the singing went 
on with" The Red, 'Vhite, and Blue." The impression produced by 
listening to a communication through this instrument bas been aptly 
described as follows: "The voice, whether in speaking or singing, 
has a weird, curious sound in the telephone. It is in a measure ven- 
triloqual in character; and, with the telephone held an inch or two 
from the ear, it has the effect as if some one w"ere singing far off in 
the building, or the sound were conling up fronl a vaulted cellar or 
through a massive stone-wall." The singing or speaking is heard 
microscopically, as it were, or rather microphonically, but ,vonderful- 
ly distinct and clear in character. The enchantment of distance is 
there, and one listens as to sounds from fairy-land. 
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The longest distance at which conversation has been carried on 
, 
so far, through the telephone, is about 250 miles. 'Vith a submarine 
cable conversation has been carried on between 
:England and France across the English Chan- 
nel. Conversation has also been held through 
the bodies of sixteen persons standing hand-in- 
hand. 
The telephone has been regarded as a toy, 
or a curiosity to be played ,vitIl; but, while it 
is undoubtedly extremely interesting as a nov- 
elty, it is very n1uch more than this; it is, s'ci- 
entifically and practically, a great success. 
There are, undoubtedly, difficulties in its use, 
but, considering tbat it is a contrivance but of 
yesterday, the ,vonder is that it is so perfect. 
Tbe telegraph was much longer l'egarded as 
an in1practicable invention, and it is impossible 
to say how soon the telephone may not take 
rank among the necessities of common life. 
If we may trust the analogies of experience, 
its difficulties are certain to be overcome, 
although it will probably never meet the ex- 
aggerated expectations of many people. Some of the obstacles to 
the realization of the popular impression of its capabilities have been 
so well stated in Ohambers's Journal, by a gentleman skilled in the 
working of the telegraph, and who made a series of interesting ex- 
periments on the telephone, that we may fitly close our article by mak- 
ing free extracts from his paper, accompanied by some slight revision: 
" When a telegraphist first gets into his hand this beautifully sin1ple 
and electrically delicate instrument, his first inclination is to test its 
carrying-power. This is, of course, a closet experilnent, not working 
,vith actual telegraph-line, but with' resistance' equi\'"alent to a tele- 
graph-line of stated length. An experiment of this nature gi,'es bet- 
ter results than could be obtained by a veritable line, because tbe 
insulation is, so to speak, perfect. No leakage at undesigned points 
of contact, or disturbance from unfavorable atmospheric conditions, is 
felt, and the experiment is entirely under the observer's control. The 
apparatus used is designed to offer the same labor for the electric cur- 
rent to overcome as would be offered by a stated length of outside 
telegraph-line. This artificial resistance is nicely graduated, and, as 
the method of testing was suggested by Ohm, a German electrician, 
the unit of resistance is termed an ' ohm.' Removing the telephone 
to such a distance that the two observers were' out of ear-shot,' the 
test with resistance was tried, and with a resistance of 1,000 ohms- 
roughly speaking, equal to seventy miles of a well-constructed 1ine- 
the sound was perfect, although not very loud. Every articulation of' 
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the speaker at the other end could be distinguished so long as silence 
was maintained in the room, or so long as no heavy lorry rumbling 
over the stones outside sent in harsh noises which drowned the faint 
whisper of the instrument. The resistance ,vas gradually raised to 
4,000 ohms-nearly 300 miles-with like favorable results; and for 
some little distance beyond, articulation could stiU be made out. But, 
by the time 10,000 ohms had been applied, putting the speaker at a 
distance of, say, 700 miles, sound only, but not articulate sound, 
reached the ear. The tone was there, and every inflection of the 
voice could be followed; but articulation was absent, although the 
listener strained every nerve to catch the sound, which the speaker, as 
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was afterward ascertained, was shouting in a loud, clear voice. The 
prolonged notes of an air sung could be heard w-ith the resistance 
named, but again no words could be distinguished." 
The next experiment 'was to join np the telephones in the office 
\vith different line-wires in ßuccession going to val'ions distances, and 
working with different kinds of telegraph-instruments. "vVhen this 
was done, the real obstacle to telephonic progress at once asserted 
itself in the shape of 'induction.' The first wire experÍlnented with 
,vas l)artly 'overhouse' and partly underground, and the offices npon 
it were working ABC, or printing-instruments. It is difficult to ren- 
der clear to the person ignorant of telegraphic phenomena the idea 
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expressed by the word induction. Briefly, it may be put thus: that, 
when a strong electric current is passing on a wire, it lIas tbe faculty 
of setting up a current of opposite character in any ",
ire Dot then 
working, or working with a feebler current, that may be in its ,'icin- 
ity. The why or the wherefore cannot be explained, but there is the 
fact. 
"In various recent articles on the telephone, mention has been 
made of ' contact' as the cause of disturbance. This ,vord however 
, 
although it has been used by telegraphists, is misleading, and can 
only be used as an endeavor to express popularly an electric fact. 
Actual contact of one wire with another would spoil the business alto- 
gether. A wire bearing an electric current seems to be for tbe time 
surrounded, to an undefined distance, by an electric atmosphere, and 
all wires coming within this atmosphere have a current in an oppo- 
site direction set up in them. This is as near an explanation of the 
phenomena of induction as the state of telegraph science at present 
affords. N ow, the telephone ,yorks with a very delicate magnetic 
current, and is easily overpo,vered by the action of a stronger current 
in any wire near which the telephone-wire may come. To w.ork prop- 
erly, it ' requires a silent line.' 
"In the place where the observations ,vere made, there 'vere a 
large number of wires trave1ing under the floor, along passages to the 
battery-room, and to a pole on the outside, whence they radiate, or 
out to a pipe underground, ,,
here many gutta-percha-covered wires 
lie side by side. On applying tbe ear to a telephone joined into a cir- 
cuit working in such an office, a curious sound is heard, com})arable 
most nearly to the sound of a pot boiling. But the practised ear 
could soon separate the boiling into distinct sounds. There was one 
masterfull\Iorse instrument-probably on the wire lying nearest the 
one on which we were joined up-whose peremptory' click, cli-i-i-ck, 
click,' representing' dot, dash, dot' on the printed slip we read from, 
could be heard over an. Then there was the rapid whir of a fast- 
speed transmitter sending dots and dashes at express speed by me- 
chanical means; and, most curious of all, the ' rrrrr-op, rr-op, rrrrrrr- 
rrrrrr-op, rrrrr-op, rr-op , of the ABC, or printing-instrument, the 
deadliest foe to the telephone in its endeavors to gain ad mission into 
tbe family of telegraph-instruments. There may be ]'eason in this, for 
as tbe ABC, or printing-instrument, is the instrument used for pri- 
vate telegraphy, or for the least important public offices, because it 
requires no 'code' to be learned by the manipulator, so it would 
likely be the first to be displaced if an acoustic telegraph pern1ancntly 
took the field. So the sentient little ABC opens its mitrailleuse-fire 
on tbe intruder, on whose delicate currents, in the words of an accom- 
plished electrician, it plays 'old Harry.' Tbe peculiar character of 
the sounds we borrow on the telephone from this instrument arises 
from the fact that, as tbe needle flies round tbe dial, a distinct current 
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or pulsation passes for each letter, and the final' op , we have tried to 
represent shows the stoppage of the needle at tbe letters as words 
were spelled onto 
"It must not be understood tbat the sounds of those various in- 
struments are actually heard in the telephone. '''hat hapl)ens is, that 
the currents stealing along the telephone-wire by induction produce 
vibrations in the diaphragm of that instrument, the little metal mem- 
brane working on the magnet in ready response to every current set 
up the latter. When it is remembered that tbe principle of the tele- 
phone is that the sound-caused vibrations in the filmy diaphragm at 
one end create similar but magnetically-caused vibrations in the dia- 
phragm at the other end, and so reproduce the sound, it will be obvi- 
ous why the rapid roll of the ABC currents, or the swift sending of 
the fast-speed transmitter, when brought by induction int
 the tele- 
phone-wire, cause disturbances in the sound-vibrations, and thereby 
cripple the instrument. One instrument of either kind named would 
have a certain effect, but one l\Iorse would not have any greatly preju- 
dicial effect. But a number of l\Iorses going together, such as were 
heard in our experiments, ,,,"ouid combine to be nearly as bad as one 
ABC or fast-speed 1\forse. So delicate is the diaphragm to sound 
(and necessarily so) that, in all experiments with the telephone itself, 
every sound from without broke in, giving an effect like the weH- 
known ' murmur of the shel1.' " 
" Joining up our wire now to a more distant station at some nliles 
along the railway, and having on its poles a number of what are 
known as 'heavy' circuits, the pot-boiling sound assumed even more 
marked characteristics. The ABC no longer affected us; but a num- 
ber of l\Iorse instruments were in full gear, and the fast-speed trans- 
mitter was also at work. While we were listening, the circuit to 
which we were joined began to work, and the effect was literally elec- 
trical. Hitherto we had only borrowed currents-or, seeing they 
were so unwelcome, we might call them currents thrust upon us- 
and the sounds, though sharp and incessant, were gentle and rather 
low. But, when the strong current was set up in the wire itself, the 
listener who held one of onr telephones nearly jumped from the floor 
,vhen an angry' pit-pat, pit-pat, pit-pat-pit' assailed his ear, causing 
him to drop the instrument as if he had been shot. It was a result 
none of us had expected, for it did not seem possible that the delicate 
metal diaphragm and the little Inagnet of the telephone could produce 
a sound so intense. Of course, it was only intense "Then the ear was 
held close to the orifice of the instrunlent. Held in the hand aw'ay 
from tIle ear, the telephone now made a first-rate' sounder,' and we 
could ten without difficulty not only the signals that were pas!"ing, 
but found in it a more comfortable tone than that given by the J\Iorse 
sounder in common use. 
"Other experinlents of a like character led to results so Fìimilar 
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that they may be left unnoticed; and we proceed now to describe one 
of a different character, designed to test the telephone itself. At a 
distance of about half a luile, access was obtained to a J\Iorse instru- 
nlent in private use, and joined to the office by 'overhouse' wire. 
Dividing our party and arranging a programme of operations, two 
remained with a telephone in the office, ,,'hile other two, of 'whom the 
writer was one, proceedcù with the second telephone to tIle distant 
instrumeBt. By an arrangement which a practical telegraphist will 
understand, the key of the l\Iorse was kept in circuit, so that signals 
could be exchanged in that waJ". It may be noticed, ho"\vever, that 
this was hardly necessary, as the diaphragm of the tel
phone can. be 
used as a key, ,vith the finger or a blunt point, so that dot and 
dash signals are interchalìgeable, should the voice fail to be heard. 
AR the wire in this instance traveled almost alone over part of its 
course, we were in hopes that induced currents would be conspicuous 
by their absence. In this we were, however, disappointed, for tbe 
pot was boiling away, rather more faintly, but with the 'plop-plop- 
plop' distinctly audible, and once more a Rharp masterful l\lorse 
click was heard comÏIlg in no"\y and again. The deadly ABC waf':, 
however, absent, so that our experiment proved highly succesE:fuL 
For some reason or another-probably an imperfect condition of tIle 
wire, or the eftects of 'induction' over and above what made itself 
audible to us-the spoken sounds were deficient in distinctness; but 
songs sung at either end were very beautifully heard, and, indeed, the 
sustained note of sung words had always a better carrying-po"
er than 
rapidly-spoken ,vords. Every syl1able and every turn of melody of 
such a song as ' 
ly 1.Iother bids me bind my llair,' sung by a lady at 
one end, or "Vhen the Heart of a :nIan,' sung at the other, could be 
distinctly beard, but with the effect before noticed, that tJje yoi0e was 
illumed or shut in, as if the singer were in a cellar, "\vhile it ,,
as not 
al ways possible to say at once whether the voice was that of a man or 
a 'woman. 
" In the course of some domestic experiments i,t was remarked that, 
in playing the scale downward from C in alt. on the piano, the result 
to the listener was a 'tit' 0!11y for the four upper notes, although all 
below that had a clear' ting,' and the octaves below were mostly dis- 
tinct, although at the low notes of the piano the sound was again lost. 
The ringing notes of a musical-box were not so successful, but, with 
close attention, its rapid exec'-1tion of 'Ton1my Dodd' could be well 
enough made out. An endeavor was made to catch the ticking of a 
. watch, but this was not successful, and the experiment is not recom- 
mended, as the near presence of a watch to a magnet is not desirable; 
and the watch exposed to it in this instance was, it is thought, affected 
for a short time thereafter, although it received no perin anent damage. 
"The observations made in the course of these experiments con- 
vinced those l)resent that tlle telephone presents facilities for the 
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dangerous practice of 'tapping the ,vires,' which may make it useful 
or dangerous, according as it is used for proper or improper purposes. 
It might be an important addition for a lnilitary commander to make 
to his flying cavalry; as an expert sound-reader, accompanying a col- 
umn sent to cut off the enemy's telegraph-connections, might prccede 
the act of destruction by robbing him of some of his secrets. The 
rapidity and simplicity of the means by ,vbich a wire could be 
, milked,' without being cut or put out of circuit, struck the whole of 
the party engaged in the various trials that are described above. Of 
course, the process of tapping by telephone could not be carried out 
if the instrument in use was an ABC or single needle, or if the wire 
was being worked 'duplex or with a fast-speed l\lorse, for in these 
cases the sounds are too rapid or too indefinite to be read by ear. 
The danger is thus limited to ordinary sounder or 
lorse telegraphs; 
but these still form the mainstay of every public system. 
"Since the trials above described were nlade, the newspapers have 
recorded a beautiful application, by Sir 'Villiam Thomson, of the elec- 
tric part of the telephone to exhibit at a distance the motions of an 
aneIl1ometer; the object being to show the force of air-currents in 
coal-mines. This is a useful application of an electric fact, and doubt- 
less points the way to further discoveries. But it is to be noticed 
that the experitnent, interesting as it is, hardly comes under the head 
of a telephone, what is reproduced at a distance being not sound but 
motion. 
"Obviously the inyention cannot rest where it is; and no one 
more readily than the practical telegraphist will welcome an instru- 
ment at once simple, direct, and reliable. Even in its present form 
the telephone may be successfully used wl)ere its wire is absolutely 
isolated from all other telegraph-wires. But the general impression is 
that its power of reproducing the sound must be intensified before its 
use can become general, or come 11 p to the popular expectation." 
1'he realization of so marvelouH a device as the telephone cannot 
fail to stirnulate speculation as to where such wonders ,vill stop. 
If words may be converted into electricity and back again into 
wordF:, what is to hinder their being converted into something more 
lasting than electricity-something that 'v ill endnre, so that spoken 
words may be reproduced in the future exactly as spoken now; that 
persons, though dead, may yet speak? What is to hinder? Nothing! 
The thing is already done; the spirit of the Phonograph has taken 
on lnore than a shadowy form, as will be explained to our readers 
next 111onth. And what next?- 


" Ah! Science, give us one more link, 
That we may hear our neighbors think." 
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TECHNICAL EDUCATION.1 


By PROF. T. H. HUXLEY, F. R. s. 
A NY candid observer of the phenomena of modern society will 
readily admit that bores mU8t be classed among the enemies of 
the human race; and a little consideration ,viII probably lead bim to 
the further admission that no species of that extensive genus of nox- 
ious creatures is more objectionable than the educational bore. Con- 
vinced, as I am, of tbe truth of this great social generalization, it is 
not without a certain trepidation that I venture to address you on an 
educational topic. For, in the course of the last ten years, to go back 
DO further, I am :}fraid to say how often I have ventured to speak of 
education, from that given in the primary schools to that ","hich is to 
be had in the universities and medical col1eges; indeed, the only part 
of this wide region into which as yet I have not adventured is that into 
which I propose to intrude to-day. 
Thus I cannot but be aware that I am dangerously near becoming 
the thing which all men fear and fly. But I have deliberately elected 
to run the l'isk. For, when you did me the bonoI' to ask me to adt1ress 
you, an unexpected circumstance had led me to occupy n1yself seri- 
ously with the question of technical education; and I had acquired 
the conviction that there are few subjects respecting which it is more 
important for all classes of the community to have clear and just 
ideas than this, while certainly there is none which is more deserv- 
ing of attention by the 'V orking-]Uen's Club and Institute Union. 
It is not for me to express an opinion 'whether the considerations 
which I am about to subn1Ít to you win be proved by experience to 
be just or not; but I ""ill do my best to make them clear. Among 
the many good things to be found in Lord Bacon's "'
orks, none is 
more full of wisdom than tbe saying that" truth more easily comes 
out of error than out of confusion." Clear and consecutive wrong- 
thinking is the next best thing to right-thinking; so that, if I suc- 
ceed in clearing your ideas on this topic, I shall have wasted neither 
your time nor my own. 
"Technical education," in the sense in which the term is ordinarily 
used, and in which I am now employing it, means that sort of educa- 
tion which is specially adapted to the needs of men whose business in 
life it is to pursue some kind of handicraft; it is, in fact, a fine Greco- 
Latin equivalent for what in good vernacular English 'would be called 
"the teaching of handicrafts." And probably, at thiR stage of our 
progress, it may occur to many of you to think of the story of the 
cobbler and his last, and to say to yourselves, though you will be too 
l.An address delivered to the 'Yorking-lIen's Club and Institute "{;nion, December, 
1, 1877. 
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polite to put the question openly to me: "What does the speaker 
kno\v practically about tbis matter? What is his handicraft?" I 
think the question is a very proper one, and, unless I were prepared 
to answer it, I hope satisfactorily, I should bave chosen some other 
theme. 
The fact is, I am, and have been any time these thirty years, a 
man who \vorks with his hands-a handicraftsman. I do not say this 
in the broadly metaphorical sense in which fine gentlemen, "\vith aU 
the delicacy of Agag about them, trip to tbe hustings about election- 
time, and protest that they, too, are working-men. I really mean my 
words to be taken in their direct, literal, and straightforward sense. 
In fact, if the most nimble-fingered watchmaker among you will come 
to my workshop, he may set me to put a watch together, and I win 
set him to dissect, say, a black-beetle's nerves. I do not wish to vaunt, 
but I am inclined to think that I shall manage my job to his satisfac- 
tion sooner than he will do his piece of work to mine. 
In truth, anatomy, which is my handicraft, is one of the most diffi- 
cult kinds of mechanical labor, involving, as it does, not only lightness 
and dexterity of hand, but sharp eyes and endless patience. Anil you 
must not suppose that my particular branch of science is especially 
distinguished for the demand it makes upon skill in manipulation. A 
similar requirement is made upon all students of physical science. The 
astronomer, the electrician, the chemist, tbe mineralogist, the botanist, 
are constantly called upon to perforrn manual operat.ions of exceeding 
delicacy. The progress of all branches of physical science depends 
npon observation, or on that artificial observation which is termea 
experiment, of one kind or another; and the further we advance the 
more practical difficulties surround the investigntion of the conditions 
of the problems offered to us; so that mobile and yet steady hands, 
guided by clear vision, are more and more in request in the workshops 
of science. 
In:deed, it has struck me that one of the grounds of that sympathy 
between the handicraftsmen of this country and the men of science, 
by which it has so often been my good fortune to profit, may, perhaps, 
lie here. You feel and we feel that, among the so-called learned 
folks, we alone are brought into contact with tangible facts in the way 
that you are. You know well enough that it is one thing to write a 
history of chairs in general, or to address a poem to a throne, or to 
speculate about the occult powers of the chair of St. Peter; and quite 
another thing to make with your own hands a veritable chair, that 
will stand fair and square, and afford a safe and satisfactory resting- 
place to a frame of sensitiveness and solidity. 
So it is with us, when we look out from our scientific handicrafts 
U p on the doinp's of our learned brethren whose work is untr:uumeled 

 , 
by anything" base and mechanical," as handicrafts used to be called 
when the world was younger, and, in some respects, less wise than 
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now. We take the greatest interest in their pursuits; we are edified 
by their histories and are charmed with their poenls, which some- 
times illustrate so remarkably the powers of man's imagination; son1e 
of us adn1Ïre and even humbly try to follow them in their high philo- 
sophical excursions, though we know the risk of being snubbed by the 
inquiry whether groveling dissectors of monkeys and black-beetles 
can hope to enter into the empyreal kingdom of speculation. But still 
,ve feel that our business is different; bumbler if you will, though the 
diminution of dignity is, perhaps, compensated by the increase of 
reality; and that we, like you, have to get our "Tork done in a region 
where little avails, if the power of dealing with })ractical, tangible 
facts is wanting. You know tbat clever talk touching joinery will 
not make a chair; and 1 kno,v that it is of about as much value in tIle 
physical sciences. l\Iother Nature is serenely obdurate to honeyed 
,vorels; only those who understand the ways of things, and can silently 
and efiectually handle them, get any good out of her. 


And now, having, as 1 hope, justified my assumption of a place 
among handicraftsmen, and put myself right with you as to my quali- 
fication, from practical knowledge, to sl)eak ahout technical education, 
I will proceed to put before you the results of my experience as a 
teacher of a handicraft, aud tell you what sort of education I should 
think best adapted for a boy whom one wHnted to make a professional 
anatolnist. 
. 1 should say, in tbe first place, let him bave a good English element- 
ary education. 1 do not mean tbat be shall be able to pass in such 
and such a standard-tbat mayor may not be an equivalent expr{1s- 
sion-but that his teaching shall haye been such as to haye given him 
command of the common implements of learning and created a desire 
for the things of the understanding. 
Further, I should like him to know the elements of physical sci- 
ence, and especially of physics and chemistry, and I should take care 
that this elementary knowledge was rea1. I sl}ould lil{e my aspirant 
to be able to read a scientific treatise in Latin, French, or German, 
because an enormous amount of anatomical knowledge is locked up in 
those languages. And especiaHy I should require some ability to draw 
-I do not mean artistical1y, for that is a gift which may be cultivated 
but cannot be learned, but with fait. accuracy. 1 will not say that 
everybody can learn even this; for the negative development of the 
faculty of drawing in some people is almost miraculous. Still every- 
body, or almost everybody, can learn to write; and, as writing is a 
kind of drawing, 1 suppose tbat the majority of tbe people 'who say 
they cannot dra,v, and give copious evidence of the accuracy of their 
assertion, could dra,v, after a fashion, if they tried. And that" after 
a fashion" ,\Tould be better than nothing for my purposes. 
Above all things, let my imaginary pupil have preserved tIle 
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freshness and vigor of youth in his mind as ,veIl as his body. The 
educational abomination of desolation of the present day is the stim- 
ulation of young people to ,vork at high pressure by incessant com- 
petitive examinations. Sonle wise man (who probably ,vas not an 
early riser) has said of early risers in general, that they are conceited 
all the forenoon and stupid all the afternoon. Now, ,vbether this is 
true of early risers in the common acceptation of the .word or not, I 
,vill not pretend to say; but it is too often true of the unhappy chil- 
dren who are forced to rise too early in their classes. They are con- 
ceited all the forenoon of life, and stupid all its afternoon. The vigor 
and freshness, which should have been stored up for the purposes of 
the hard struggle for existence in practic
llife, have been washed out 
of them by precocious mental debauchery-by book-gluttony and les- 
son-bibbing. Their faculties are worn out by the strain put upon 
their callow brains, and they are demoralized by worthless cl}ildish 
tritunphs before the real work of life begins. I have no compassion 
for sloth, but youth has more need for intellectual rest than age; and 
the cheerfulness, the tenacity of purpose, the power of work which 
make many a successful man what he is, must often be placed to the 
credit, not of his hours of industry, but to that of his hours of idle- 
ness, in boyhood. Even the bardest worker of us all, if he has to deal 
with anything above mere details, will do well, now and again, to let 
his brain lie fallow for a space. The next crop of thought will cer- 
tainly be all the fuller in the ear and the weeds fewer. 
This is the sort of education which I should like anyone who was 
going to devote himself to my handicraft to undergo. As to knowing 
anytbing about anatomy itself, on the whole I would rather he left 
that alone until he took it up seriously in my laboratory. It is hard 
work enough to teach, and I should not like to bave superadded to 
that the possible need of unteaching. 
Well, but, you will say, this is IIamlet with the Prince of Den- 
mark left out; your" technical education" is simply a good education, 
with more attention to physical science, to drawing, and to modern 
languages, than is common, and there is nothing specially technical 
about it. 
Exactly so; that remark takes ns straight to the heart of what I 
have to say, ,vhich is, that, in my judgment, the preparatoryeduca- 
tion of the handicraftsman ought to have nothing of what i
 ordinarily 
understood by " technical" about it. 
The workshop is the only real school for a handicraft. The edu- 
cation which precedes that of the workshop should be entirely devoted 
to the strengthening of the body, the elevation of the n10ral faculties, 
and the cultivation of the intelligence; and especially to the in1 huing 
the mind with a broad and clear view of the laws of that natural world 
with the components of which the handicraftsman will h:lve to deal. 
And the earlier the period of life at which tbe handicraftsman has to 
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enter into actual practice of bis craft, the more important is it that he 
should devote the precious hours of preliIninary education to things 
of the mind, which have no direct and immediate bearing on his 
branch of industry, though they lie at the foundation of an realities. 


N o'\v let me apply the lessons I have learned from my handicraft 
to yours. If any of you were obliged to take an apprentice, I sup- 
pose you would like to get a good, healthy lad, ready ana 'willing to 
learn, handy, and ",
ith his fingers not an thumbs, as the saying goes. 
You \Vould like that he should read, 'write, and cipher well; and, if 
you were an intelligent master, and )
our trade involved the applica. 
tion of scientific principles, as so many trades do, you would like him 
to know enough of the elementary principles of science to understand 
,,
hat was going on. I suppose that in nine trades out of ten it would 
be useful if he could draw; and many of you must have lamented 
your inability to find out for yoursel yes what foreigners are doing or 
have done. So that some kno,vledge of French and German might, 
in many cases, be very desirable. 
So it appears to me that ,vhat you want is pretty much what I 
want; and the practical question is, Ho,v you are to get what you 
need, under the actual limitations and conditions of life of handicrafts- 
men in this country? 
I think I Bhall have the assent both of the employers of labor and 
of the employed as to one of these limitations; which is, that no 
scheme of technical education is likely to be seriously entertained 
which ,viII delay the entrance of boys into ,vorking-life, or prevent 
them from contributing toward their own support, as early as they do 
at present. Not only do I believe that any such scheme could not be 
. carried out, but I doubt its desirahleness, even if it were practicable. 
The period between childhood and manhood is full of difficulties 
and dangers, under the most favorable circun1stances; and even 
among the well-to-do, who can afford to surround their children with 
the most favorable conditions, examples of a career ruined, before it 
has ,veIl begun, are but too frequent. 1\Ioreover, those 'who have to 
live by labor must be shaped to labor early. The colt that is left at 
grass too long makes but a sorry draught-horse, though his ,vay of 
life does not bring him within the reach of artificial temptations. 
Perhaps the most valuable result of all education is the ability to 
make yourself do the thing you have to do, ,vben it ought to be done, 
whether yon like it or not; it is the first lesson that ought to be 
learned; and, however early a man's training begins, it is probably 
the last lesson that he learns thoroughly. 
There is another reason to ,,
hich I have already adyerted, and 
which I "Tould reiterate, why any extension of the time devoted to 
ordinary school-work is undesirable. In the newly-awakened zeal for 
education, we run some risk of forgetting the truth that, while un- 
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der-instruction is a bacl thing, over-instruction may possibly be a 
worse. 
Success in any kiud of practical life is not dependent 60Iely, or 
indeed chiefly, upon knowledge. Even in the learned professions 
knowledge, alone, is of less consequence than people are apt to sup- 
pose. And, if much expenditure of Lodily energy is involved in the 
day's work, mere knowledge is of still less importance when 'weighed 
against the probable cost of its acquirement. To do a fair day's work 
with his hands, a man needs, above all things, health, strength; and 
the patience and cheerfulness which, if they do not always accompany 
these blessings, can hardly in the nature of things exist without theln ; 
to which ,ve must add honesty of purpose and a pride in doing what 
is done well. 
A good handicraftsman can get on very well witbout genius, but he 
will fare badly without a reasonable share of what is a more useful 
possession for \vork-a-day life, namely, mother-wit; and he 'will be aU 
the better for a real knowledge, however limited, of the ordinary In ws 
of Nature, and especially of those which apply to his own business. 
Instruction carried so far as to help the scholar to turn his store of 
mother-wit to account, to acquire a fair amount of sound elementary 
kno'wlec1ge, and to use his hands and eyes, while leaving him fresh, 
vigorous, and \vith a sense of tbe dignity of his own calling, whatever 
it may be, if fairly ancl honestly pursued, cannot fail to be of invalu- 
able service to all those ,yho come under its influence. 
But, on the other hand, if school instruction is carried so far as to 
encourage bookishness; if the ambition of the scholar is directed, not 
to the gaining of knowledge, but to the being able to pass examina- 
tions successfully; especially if encouragement is given to the mis- 
chievous delusion that brain-work is, in itself, and apart froin its 
quality, a nobler or more respectable thing than handiwork-such 
education may be a deadly mischief to the worklunn, and lead to the 
rapid ruin of the industries it is intendecl to serve. 
I know that I am expressing the opinion of some of the largest as 
well as the most enlightened employers of labor, when I say that 
there is a real dangoc that, from the extreme of no education, we may 
run to the other extreme of over-education of handicraftsmen. And 
I apprehend that what is true for the ordinary hand-worker is true for 
the foren1an. Activity, probity, kno,vleòge of men, ready mother- 
wit, supplemented by a good knowledge of the general principles 
involved in his business, are the making of a good foreman. If he 
possess these qualities, no amount of learning will fit him better for 
his position; while the course of life and the ha1)it of mind required 
for the attainment of such learning may, in yarious direct and indi- 
rect ways, act as direct disqualifications for it. 
I{eeping in mind, then, that the two things to be avoided are, the 
delay of tbe entrance of boys into practical life, and tbe substitution 
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of exhausted bookworms for shrewd, }}andy men in our works and 
factorieR, let us consider what may be wisely and safely attenlpted in 
the way of in1proving the education of the handicraftsman. 
First, I look to the elementary schools now happily estal)lished all 
over the country. I am Dot going to criticise or find fault with them; 
on tbe contrary, their establisl]ment seems to me to be the most im- 
portant and the most beneficent result of the corporate action of the 
people in our day. A great deal is said of British il1terests just no,v, 
but, depend upon it, that no Eastern difficulty needs our intervention 
as a nation so seriously as the putting down both the Basl1Ï-Bazouks 
of ignorance and the Cossacks of sectarianism at home. "That has 
already been achieved in these dir
ctions is a great thing; Jon mnst 
have lived some time to know how great. An education, better in its 
processes, better in its substance, than that which was acce
sible to 
the great majority of well-to-do Britons a quarter of a century ago, is 
now obtainable by every child in the land. Let any man of my age 
go into an ordinary elementary scbool, and, unless he was unuRual1y 
fortunate in his youth, he 'will tell you that the educational method, 
the intelligence, patience, and good temper, on the teachers' })art, 
which are now at the disposal of the veriest "waifs and 'wastrels of 
society, are things of ,vhich he had no experience in the costly n1Íddle- 
class schools; 'which 'were so ingeniously contrived as to combine all 
the evi1s and shortcomings of the great public schools 'with none of 
their advantages. l\fany a man, whose so-called education cost a good 
deal of valuable money and occupied n1any a year of invaluable time, 
leaves the inspection of a well-ordered elementary school devoutly 
wishing that, in his young days, he had had the chance of being as 
well taught as these boys and girls are. 
But ,,-hile, in view of such an advance in general education, I 
willingly obey the natural impulse to be thankful, I am not willing 
altogether to rest. I want to see instruction in elelnentary science 
and in art more thoroughly incorporated in the educational system. 
At present, it is being administered hy driblets, as if it 'were a potent 
medicine, "a few drops to be taken occasionally in a teaspoon." 
Every year I notice that that earnest and untiring friend of yours 
and of lTIine, Sir J oDn Lubbock, stirs up the government of the day in 
the lIonse of COll1IDons on this subject; and also that., every year, he, 
and the few members of the House of Commons, such as 1\lr. Playfair, 
who sympathize with him, are met "Tith expressions of 'warm admira- 
tion for science in general, and reasons at large for dojng nothing in 
particular. But now that 1\lr. Forster, to whom tbe education of the 
country owes so much, has announced his conversion to the riglJt 
faith, I begin to hope that, sooner or later, things ,,-ill mend. 
I have given what I believe a good reason for the assumption that 
the keeping at school of boys who are to be handicraftsmen beyond 
the age of thirteen or fourteen is neither practicable nor desirable; 
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and as it is quite certain that, ,vith justice to other and no less im- 
portant branches of education, nothing more than the rudiments of 
science and art teaching can be introduced into elementary schools, 
,ve must seek elsewhere for a supplementary training in these sub- 
jects, and, if need be, in foreign languages, which may go on after the 
workman's life has begun. 
The means of acquiring the scientific and artistic part of this train- 
ing already exists in full working order, in the first place, in the classe
 
of the Science and Art Department, which are for the most part held 
in the evening, so as to be accessible to all who choose to avail them- 
selves of them after working-hours. The great advantage of these 
classes is that they bring the means of instruction to the doors of the 
factories and workshops; that they are no artificial creations, but by 
their very existence prove the desire of the people for them; and, 
finally, that they admit of indefinite development in proportion a::; 
they are wanted. I have often expressed the opinion, and I repeat it 
here, that, during the eighteen years they have been in existence, 
these classes have done incalculable good; and I can say, of my own 
knowledge, that the department spares no pains and trOll ble in try- 
ing to increase their usefulness and insure the soundness of tbeir 
work. 
No one knows better than my friend Colonel Donnelly, to whose 
clear views and great administrative abilities so much of the success- 
ful working of the science classes is due, that there is much to be 
done before the system can be said to be thoroughly satisfactory. 
The instruction given needs to be made more systematic, and espe- 
cially lllore practical; the teachers are of very unequal excellence, 
and not a few stand much in need of instruction themselves, not only 
in the subjects which they teach, but in the objects for ,vhich they 
teach. I dare say you have heard of that proceeding, reprobated by 
all true sportsmen, which is called" shooting for the pot." 'V ell, 
there is such a thing as "teaching for the pot "-teaching, that is, 
not that your scholar may know, but that he may count for payment 
among those who pass the examination; and there are some teachers, 
happily not many, who have yet to learn that the examiners of the 
department regard them as poachers of the ,vorst description. 
Without presuming in any way to speak in the name of the de- 
partment, I think I may say, as a ll)atter which has come under my 
own observation, that it is doing its best to meet all these difficulties. 
It systematically promotes })ractical instruction in the classes; it 
affords facilities to teachers who desire to learn their business thor- 
?ughly; and it is always ready to aid in the suppression of pot-teach- 
Ing. 
All this is, as you may imagine, highly satisfactory to me. I see 
that spread of scientific education, about which I have so often per- 
mitted myself to worry the public, become, for all practical purposes, 
VOL., XII.-3'1 
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au accomplished fact. Grateful as I am for all tbat is now being done, 
in tbe same direction, in our higher schools and universities, I bave 
ceased to have any anxiety about the wealthier classes. Scientific 
knowledge is 8preading by what the alchemists called a "distillatio 
per ascensum;" and nothing now can prevent it from continuing 
to dil:;till upward and permeate English society, until, in the re- 
mote future, there shall be no member of the Legislature who does 
not know as much of science aR an elementary schoolboy; and even 
the heads of houses in our venerable seats of learning shall acknowl- 
edge that natural science is not merely a sort of university back-door, 
through which inferior men may get at their degrees. Perhaps. this 
apocalyptic vision is a little wild; and I feel I ought to ask pardon 
for an outbreak of enthusiasm, which, I assnre you, is not my com- 
nlonest failing. 
I have said that the Government is already doing a great deal in 
aid of that kind of technical education for handicraftsmen which, to 
my mind, is alone worth seeking. Perhaps it is doing as much as it 
ought to do, even in this direction. Certainly there is another kind 
of help of the most important character, for which we may look else- 
where than to the Government. The great mass of mankind have 
neither the liking, nor tbe aptitude, for either literary, or scientific, 
or artistic, pursuits; nor, indeed, for excellence of any sort. Their 
ambition is to go through ]ife with moderate exertion and a fair share 
of ease, doing common things in a common way. And a great bless- 
ing and comfort it is that the m3jority of men are of this mind; for 
the majority of things to be done are common things, and are quite 
well enough done when commonly done. The great end of life is not 
knowledge, but action. What men need is as much knowledge as they 
can assinlÏlate and organize into a basis for action; give them more 
and it may become injurious. One knows people 'who are aA heavy 
and stupid from undigested learning as others are from over-fullness 
of meat und drink. But a small percentage of the population is born 
with tbat most excellent quality, a desire for excellence, or with spe- 
cial aptitudes of some sort or another; 1\1r. Galton tells us that not 
more than one in four thousand may be expected to attain distinction, 
and not more than one in a million some share of tbat intensity of in- 
stinctive aptitude, that burning thirst for excellence, which is called 
genIus. 
Now, the most important object of all educational schemes is to 
catch these exceptional people and turn them to account for the good 
of society. No man can say where they will crop up; like their 
opposites, the fools and knaves, tbey appear sometimes in tbe })alftce 
and sometimes in the hovel; but the great thing to be aimed at, I 
was almost going to say the most important end of all social arrange- 
ments, is to keep tbese glorious sports of Nature from being either 
corrupted by luxnry or Rtarved by poverty, and to put them into the 
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position in which they can do the work for which t.hey are specially 
fitted. 
Thus, if a lad in an elementary school showed signs of special 
capacity, I would try to provide him with t.he means of continuing 
his education after his daily working-life had begun; if, in the even- 
ing classes, he developed special capabilities in tbe direction of sci- 
ence or of c1rawing, I would try to secure him an apprenticeship to 
some trade in which those powers would have applicability. Or, if 
he chose to become a teacher, he should have the chance of so doing. 
Final1y, to the lad of genius, the one in a million, I would make 
accessible the highest and most complete training the country could 
afford. 'Vhatever that might cost, depend upon it the investment 
would be a good one. I weigh my words wheu I say that, if the 
nation could purchase a potential Watt, or Davy, or Faraday, at tlJC 
cost of a hundred thousand pounds down, he would be dirt-cheap at 
the money. It is a mere commonplace and every-day piece of knowl- 
edge, that what these three men did baR produced untold millions of 
,vealth, in the narrowest economical sense of the word. 
Therefore, as the sum and crown of what is to be done for technical 
education, I look to the provision of a machinery for winnowing out 
the capacities and giving them scope. 'Vhen I was a member of the 
London School Board, I said, in the course of a speech, that our busi- 
ness was to provide a ladder, reaching from the gutter to the univer- 
sity, along which every child in the three kingdoms should have the 
chance of climbing as far as he was fit to go. This phrase was so 
much bandied about at the time, that, to say truth, I am rather tired 
of it; but I know of no other which so fully expresses my belief, not 
only about education in general, but about technical education in 
particular. 
The essential foundation of all the organization needed for the 
promotion of education among handicraftsmen 'wil1, I believe, exist 
in this country when every working-lad can feel that society has done 
what lies in its power to remove all needless and artificial obstacles 
from bis path; that there is no barrier, except such as exist in the 
nature of things, between himself and whatever place in the social 
organization he is fitted to fill; and, more than this, that, if he has 
capacity and industry, a hand is held out to help him along any path 
,vhich is wisely and honestly chosen. 
I have endeavored to point out to you that a great deal of sucb an 
organization already exists; and I am glad to be able to add that 
there is a good prospect that what is wanting will, before long, be 
supplemented. 
Those powerful and ,vealthy societies, the livery companies of the 
city of London, remembering that they are the heirs and represent- 
atives of the trade-guilds of the middle ages, are interesting them- 
selves in the question. So far back as 1872 tbe Society of Arts or- 
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ganized a system of instruction in technology of arts and manufact- 
ures, for persons actually employed in factories and workshops, who 
desired to extend and improve their knowledge of the theory and 
practice of their particular avocations; 1 and a considerable subsidy 
was liberally granted in aid of the efforts of the Society by the Clotb- 
workers' Company. We have here the hopeful commencement of a 
rational organization for the promotion of excellence among handi- 
craftsmen. Quite recently other of the livery companies have deter- 
Inined upon giving their powerful and, indeed, almost boundless aid 
to the improvement of the teaching of handicrafts. They have al- 
ready gone so far as to appoint a committee to act for them; 3,nd I 
betray no confidence in adding that, some time since, the committee 
sought the advice and assistance of several persons, myself among tbe 
nUD1 ber. 
Of course, I cannot tell you "That may be the result of the delibera- 
tions of the committee; but 'we may all fåirly hope that, before long, 
steps which will have a weighty and a lasting influence on the growth 
and spread of sound and thorough teaching among the handicrafts- 
men 2 of this country will be taken by the livery companies of London. 
-Fortnightly Review. 
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THE DEBASE1\fENT OF COINAGES. 


By E. R. LELAND. 


I N primitive days the parties to a trade had in every case first to 
agree as to the quantity and quality of tbe articles to be exchanged. 
When gold and silver first made their nppearance in the list of com- 
modities they were, along ,,
ith other nletals, in an unfat:;hiol1ed state, 
and the processes of barter were carried on with them precisely as 
with more bulky and inconvenient articles, so that at each trans- 
fer it became necessary to determine their quality and quantity, that 
is, their purity and weight, by the crude methods \vhich then ob- 
tained. Such is still the case among some of tbe far-a,vay, half-civil- 
ized nations, and in the early days of California and Australia gold- 
digging, "nuggets" and" dust" were in common use as currency. 
With all the perfection of modern scientific appliances the ,york 
of assaying is one of great difficulty and nicety, and it mnst bave been 
impossible for primitive merchants to reach anything but the rudest 
approximations. To do even this involved a great deal of trouble and 
loss of time, so that the necessity of devising some means by which 


1 See the U Programme" for 18'78, issued by the Society of Arts, p. 14. 
9 It is perhaps advisable to remark that the important question of the professional 
education of managers of industrial works is not touched in the foregoing remarkE. 
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the weight and fineness of a piece of gold or silver could be easily 
determined was early felt. 
The first forms which could be called by the name of money were 
ingots in various shapes, stampeJ or sealed with the seal of the ruler 
as a certificate of tbe quality and weight of the piece, no attempt 
being made to so fashion the coin as to guard against alteration of 
,veight. Some of the early pieces ,vere stamped on but one side, and 
it was only by very gradual steps that the handsome circular pieces 
which we kno,v as coins were evolved. But these are still defined 
by J evons as "ingots, of ,vhich the weight and fineness are certified 
by the integrity of the designs impressed upon the surface of the 
metal." 
The stamping of the bits of metal has always been assumed as a 
prerogati ve of the ruler, and to supply the people with coin bas come 
to be generally considered a function of government. It will be wen 
to bear tbe above definitioñ of coin in mind; for the fashioning, stamp- 
ing, and certification, have often caused a very important fact to be 
lost sight of, which is, that throughout tbese changes the metals con- 
tinue to be commodities and nothing more. The stamp works no al- 
teration in the metal, any more than does the label on a bolt of mus- 
lin, showing the width and the number of yards, convert it into some- 
thing other than cotton cloth. The conversion of the unfashioned 
metal into coin in no way affects the principle of exchanges, and its 
transfer is barter just as much as it was in the beginning. 
Coins command other commodities by the amount of pure metal 
in them. 
The silver dollar buys just as much food or clothing as would so 
many grains of silver in any other shape; and the stamp-whether it 
sho,v the classical features of l{aiser William or the graceful figure of 
the Goddess of Liberty-does not increase its purchasing power, except 
to tbe very slight degree which is the meaSUTe of the convenience of 
having it converted from bullion into coin at public cost, but this 
percentage is so small that it may for present purposes be neglected. 
But it has come about tbat, instead of being looked upon as simply 
certified bullion, coin is frequently regarded as something mysterious 
in its nature and function. 
Gold and silver, from their physical properties, are tbe most fit of 
all known substances for mediums of exchange. From their general 
use as money tbey are commonly spoken of as measures of value, and 
there is no objection to this expression if it be understood to mean 
that they constitute a term or factor constantly used in arriving at 
the ratio which exists between the various articles of commerce; but 
it should be remembered that this factor is not constant, though for 
purposes of convenience it is generally assulned to be so. As a mat- 
ter of fact, gold and silver measure the value of commodities in pre- 
cisely the same way that the commodities measure the value of gold 
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and silver. Value is based on utility, but utility is not intrinsic in 
any substance; and a thing is only useful so far as it is supplied in 
needful quantities at the right time, the degree of utility constantl\" 
varying. And so, although we may get the value of x (gold and sii- 
vel') in terms of y (other commodities), and the value of y in terms 
of æ, both x and y remain unknown and variable qnantities, howev{r 
glibly we may talk about them. 
Although the Emme difficulty confronts us here tbat is met in all 
attempts at the ultimate analysis of things, none the less is it im- 
perative that there sllould be a fixity of standards, rigidly adhered to. 
To define a pound avoirdupois is as difficult as to define a pound ster- 
Hng; but commerce and science are alike dependent upon absolute 
adherence to certain standards of ".eight, and upon the assumption 
that the law of gravitation, by which weight is determined, is i:l- 
flexible. 
U ntH the indestructibility of matter and the persistence of force 
,vere demonstrated, there ,vas nothing absurd in the supposition that 
matter could be created and annihilated, force produced and destroyed; 
and men of genius and learning vainly sought to turn dross to gold, 
to find the elixir of life, to construct machines which should create 
their own force. l\Iodern chemistry has dispelled the dreams of the 
alchemist; physiology bas determined the laws of "Taste and supply 
and fixed pretty definitely the limitations of life; and tbe discoveries 
of 1\Ieyer and Joule have shown the fallacy of perpetual motion. 
These things are now pretty generally understood, although a lunatic 
is still occasionally to be found who ,vastes his life because of his ina- 
bility to comprehend them: but it is not so generally recognized that 
the principle of the correlation of forces is universal; that it applies 
rigid]y to all human activities; and that it is quite as impossible 
in economical dynamics as elsewhere to get something for nothing. 
That coins are simply stamped bullion, and that the purchasing 
power of money is regulated by the quantity of pure metal only is 
now conceded by all economic writers; but the estab1ishment of this 
principle is comparatively recent. In early times most extraordinary 
delusions prevai1ed on this subject, nor are they yet wholly dissipated. 
It will be interesting and instructive to note some of the D1utationg . 
which have been caused in the world's coinage by the numerous royal 
and legislative attempts to make a part equal to the whole. 
The coins of all countries seenl to have been caned by the same 
name as the weights used in them, and to have originally contained 
tbe quantity of metal indicated by their names. The coins used in 
Greece, Italy, France, and England, weighed in tbe first instance just 
a talent, an as, or pond, a livre, or a pound. 
The Roman as, or libra, at first contained twelve ounces of copper, 
and was divided into twelve parts or unciæ, a division which was main- 
tained for a long time. It is not known who first falsified the certifi- 
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cate and gained an illusory augmentation of wealth by reducing the 
weight of metal in the as, still calling it by the same name. But this 
fraudulent plan, once adopted, was ,vorked with such assiduity by the 
successive emperors, that in 175 B. c. the as contained but half an 
ounce of copper, or 

 part of its original weight. In the case of so 
cheap a Inetal, diminishing the quantity was the only way in which 
the coin could be degraded. The principal silver coin was the clena- 
rius, rated at ten asses, and weighing one-seventh of an ounce. Its 
,veight was tolerably well maintained, but adulteration was carried to 
its utmost extent, nnd eventually the imperial denarii came to be only 
copper coins plated with silver! Similar vicissitudes marked the ca- 
reer of Roman gold. '\Vhen first coined, 204 B. c., the aureus weighed 
41r part of a pound of pure gold, but through various degradations 
came to be only -,f
 part of a pound in weight, and this bore 20 per cent. 
of alloy. 
The French money-unit, the livre, up to the reign of Charlemagne, 
contained exactly a pound weight of pure silver, and was divided into 
20 sols. It was reserved for Philip I. to violate this standard. He 
considerably diminished the amount of silver contained in a sol, and 
his example was followed with such zeal that by the time of the Revo- 
lution the livre contained less than a seventy-eighth part of tbe silver 
which it had in the eleventh century. 
Nor is this an extreme case. In 1220 the Spanish 'lnaravedi 
weighed 84 grains of gold, and was equal in value to about $3.50; it 
descended until it became a small copper coin valued at one-third of 
a cent. 
The Germanflorin was originally a gold coin worth $2.50; when 
abolished it ,vas 40 cents' worth of silver. 
These examples are taken from the history of the most stable and 
best-governed European states, and from them may be inferred the 
rapacity and swindling of the la,vless, irresponsible feudal princes 
during the middle ages, which caused this particular fraud to fall 
into the deepest discredit even in those early days. 
The Chinese probably illustrate in the most extreme manner the 
length to which loose views concerning currency can be carried. The 
history of their currency presents that mingling of the grotesque with 
the tragic which most of their actions have when viewed through 
Western eyes. Coined money was known among them as early as 
the eleventh century before Christ, but their inability to comprehend 
the principles upon which a currency should be based has led then1 
into all sorts of extravagances, which have been attended by disorder, 
famine, and bloodshed. Coins came at last to be made so thin that 
1,000 of them piled together ""ere only three inches high; then gold 
and silver were abandoned; and copper, tin, shells, skins, stones, and 
paper, were given a fixed value, and used 
lntil, by abuse, all the ad- 
vantages to be derived from the use of money were lost, and there 
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was nothing left for the people to do but to go back to barter, and 
this they did more than once. They cannot be said now to have a 
coinage; 2,900 years ago they made round coins ,vith a square hole 
in the middle, and they have made no advance beyond that since. 
':rhe well-known cash is a cast-brass coin of that description, and, al- 
though it is valued at about one mill and a half of our money, and 
has to be strung in lots of 1,000 to be computed with any ease, it is 
the sole measure of value and legal tender of the country. Spanisb, 

lexican, and our ne\v trade-dollars, are employed in China; they 
pass because they are necessary for larger operations, and because 
faith in their standard value has become established; but they are 
current simply as stamped ingots, with their 'weight and :fineneEs in- 
dica ted. 
The coinage of England, altbough it has suffered le
s than that of 
any of the older countries, bas still undergone great debasement, 
which has begotten misery and trouble enough to make her experience 
of great value. At the time of the Norman Conquest the silver or 
money pound weighed 12 ounces, the system of coinage being tbe same 
as that of Charlemagne, and it was continued untouched until the year 
1300, when the standard was tampered with by Edward I. By in- 
creasing the number of shillings made from a pound, he set a perni- 
cious example which was followed only too well, so that in the reign 
of Queen Elizabeth 58 shillings instead of 20 shillings were coined ûut 
of the pound weight of silver. Up to the reign of Henry VIII., al- 
though the weight was decreased, the sterling fineness of coins was 
not debased; but tbat eminent head of the Church, after dissipating 
the immense wealth which he received from his father, resorted to the 
most disgraceful means to supply his riot and extravagance. He so 
adulterated and degraded the silver coinage tbat the pound sterling 
contained but four ounces of silver, Æ2 8s. of it being equivalent to the 
pound sterling of 500 years before. Under the reigns of his children, 
Ed\vard VI., 1\lary, and Elizabetb, the fineness of the coin was grad- 
ually restored, and its degradation arrested, so tbat it was the boast 
of Elizabeth that she "had conquered now that monster which 80 
long had devoured bel' people." The coinage of England has had 
nothing further to endure at the hands of her princes. 
The reign of James II., bad enough in all ways, was in no instance 
more disgraceful than the 8tate to which he brought the coinage of 
Ireland during his brief kingship there. His coins of gun-metal, cop- 
per, brass, pewter, tbe sorriest tokens, were made unlimited tender, 
and forced into circulation by every device. His loyal Irish subjects 
were the sufferers from this swindle, for they had in their possession 
nearly the whole of his worthless money. As he was compelled to 
abandon England before hi::; necessities became very great, her money 
escaped violation. 
Of course, all tbis tampering '\vith money has been accompanied 
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by tyrannical laws which were intended to make the debased coin 
pass for just as much as the pure. Nothing ,vould be gained unless 
this could be done. l\Iint-officers were sworn to secrecy, but the 
melting-pot revealed the fraud. Proclamations were issued by Ed- 
ward II., commanding, under heavy penalties, that the money should 
be kept current at the stanlped value, and that no one should enhance 
the price of his goods on that account, for it was the killg'S pleasure 
that the coins shou1<.l be kept up to the same value they were ,vont to 
bear! Later,. in the reign of Ed\vard VI., ,vhen the debasement reached 
its lo,vest depths, a rnaxirnum ,vas set on the price of corn, and those 
,vho refused to carry their grain to market were to be punished. 
Absurd as such compulsory laws may seem to UR, they are perfectly 
logical outcomes of any attempts to lower the standard of money. 
There is nothing to be gained by debasing coinage unless the opera- 
tions of commerce can be regulated upon the assumption that a part 
is equal to the whole. Ed ward's proclamation, that it was his pleasure 
that the coins should be kept up to the value that they were wont to 
bear, and that people should be compelled to market their goods at 
the old prices, was more difficult of enforcement, but not different in 
principle, no whit more dishonest, than a la, v \vhich shall make 90 
cents a legal tender for 100, in the discharge of all debts. 
It was hardly to be expected that a higher standard of morality 
would be found among subjects than that held to by their rulers. 
The tampering ,vas begun by the 'people on their o,vn account, the 
more readily as the nature of the coin made this an easy n1atter. 
In making the coins the metal was divided with shears, and afterward 
shaped and stamped by hand with the hammer. They were not exact 
in size or weight: some contained more, and some less, than the cor- 
reet quantity of silver; few pieces were exactly round; and, as the 
edges were smooth, nothing was easier than to take a slight paring 
fl'om the pieces as they passed from hand to hand. 
Coin-clipping was discovered to be profitable and comparatively 
safe, and it was practised with great industry. As early as the reign 
of Elizabeth it was prohibited, on the pain of life and limb, and the 
forfeiture of a1l1ands. But the practice ,vas too lucrative to be thus 
checked, and by the time of the Restoration the larger part of the sil- 
ver in cil'culation ,vas mutilated. l\Iacaulay has described in n10st 
graphic lllanner this episode in the history of British coinage. An 
trade and industry was deranged by the confusion which arose frorn 
the disgraceful state of the money. " Nothing could be purchased 
without a dispute. Over every counter there was \vrang1ing from 
morning till night. The workman and his employer Ilad a quarrel as 
regularly as the Saturday came round." 
Guineas, which had originally been coined to be equal to 208., rose 
as the silver grew worse, ti1l they were current at 308. of the base 
trash which passed by the name of silver coin. The shrinkage on the 
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average of the pieces in circulation an10unted to nearly or quite 50 
per cent. The most rigorous and cruel laws were passed, but they 
,vere ineffectual, and, while scores of miserable wretch(1s were dangling 
from the gibbets, clipping was as rife as ever. 
Clipping is here referred to at some length, because it differs from 
other degradations of coinage only in respect to tbe parties by 'whom 
it is done. It i8 reducing the value of coin without public authority, 
and is the least mischievous of the two forms, because, as no one is 
compelled to take clipped coins, the loss is forced on no one. 
The first effort to correct the evils which bad thus arisen was, by 
furnishing a large supply of fresh, ])onest, milled coins. The p'oli- 
ticians of that day believed that, if the peo}Jle were given plenty of 
new and good money, it would soon displace the old; and so the 
mints were run to their utmost capacity, but the new coins vanished 
from sight as fast as they were put onto Gresham's law, that "bad 
money drives out good money, but that good money cannot drive 
out bad money," although not then formulated, worked its inevitable 
result. The statesmen marveled that men would not pay 12 ounces 
of silver when 10 could be made to serve the })urpose, but they per- 
sistently refused to do so. By the time of William III., the necessity 
of resorting to some measures which should be effectual was generally 
fc It. 
It was evident to all that the old coinage must in some way be 
supplanted by a new, but the manner in which this should be done 
,vas warmly disputed. blr. "\Vil1iam Lowndes, then Secretary of tIle 
Treasury, was ordered to make a report and did so, recommending 
that the standard of the new coin should be depreciated to the level 
of the trash in circulation, by making the new shilling worth nine. 
pence or thereabouts. He asserted, and attempted to prove, "that 
making the pieces less, or ordaining the respective pieces (of the 
present weight) to be current at a higher rate, n1ight equally raise 
the value of silver in our coins;" and seriously argued that, if an ounce 
of silver 'were but cut up finer, other nations would be induced to sell 
their products for a smaller nun1 ber of ounces. He h:ld a consider. 
able follo'wing, cornposed, l\Iacaulay says, "partly of dull men who 
really believed what he told tbem, and partly of sl1re,vd nlen who 
were perfectly willing to be authorized by law to pay a bundred 
})ounds with eighty"-a description which fits with sufficient accu- 
racy the advocates of the Bland Bill. 
Lowndes's fallacies were exposed with great ability by Locke, and 
fortunately wiser counsels prevailed. The old standard was main- 
tained in the new issues, and the clipped coins were called in, the loss 
falling, as it should do, on the public at large. Space forbids the in- 
troduction here of the arguments by which this wise course was sus. 
tained. The controversy is interesting and instructive, and deserves 
attention, for it 'was revived 116 years later when Bank.of-England 
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notes became depreciated, and is raging now that silver has under- 
gone a similar decline. It is true that the situation is not precisely 
the same, but the principle involved is: the arguments against re- 
storing a degraded coinage or degrading an established one are sub- 
stantially the sanle. 
The object of the Bland Bill and similar measures, though nomi- 
nally a restoration of a former standard, is in fact a debasement of the 
present one. The value fixed for the United States dollar under the 
act of 1792 was by accident put below tbat of the dollars with which 
it then came into competition. The act provided that the dollar 
should be of the value of the Spanish milled dollar, and also providea 
that it should contain 371:1- grains of pure silver, whereas the Spanish 
dollar contained 377{- grains. This discrepancy resulted from a 
blunder in assaying the Spanish coin, but was perpetuated until the 
old silver dollar was abolished. Owing to the unprecedented fall in 
the price of silver, the real value of 371-1- grains is now only about 
ninety cents in the market, a decline wbich "Tonld be a very serious 
matter if this accidental dollar were still a legal tender and in use in 
trade; but fortunately the act of 1873 put it where it is incapable of 
doin g mischie:f. 
It is one of the compensations of the disordered state of our 
finances growing out of irredeemable war-issues, that, coin being vir- 
tually out of circulation, we could put our coinage on the footing 
ailned at by all great commercial nations, without incurring tbe loss 
and distress which such revolutions are apt to involve. Anò now it 
is proposed to undo all this, to restore this ilnpaired dollar to its old 
position, and put upon the nation all the loss and inconvenience which 
would grow out of such a change. For states of transition are always 
states of suffering and, were there two or three hundred millions of 
silver in the hands of the people to-day, the statesman 'well might 
hesitate to raise the standard of the old dollar, making it equivalent to 
the gold one. The load of silver which France is carrying interferes 

eriously with her efforts to resume on her paper currency, and "yet 
she very properly hesitates to enter upon an experience similar to 
that which Germany has recently had; but we, virtually starting anew 
with our coinage system, with the experience of all the past to ligllt 
us:, are asked to plunge into a quagmire from which ,ve could only 
emerge after much floundering and defilement! 
And who is to be benefited by the renlonetization of silver? If 
remonetization will, as is claimed for it, enhance the price of silver, so 
that it will make the dollar of 1792 and the gold dollar equal, then 
the holders of silver and they only win reap the advantage. Is tl1e 
disposable silvûr stock of the ,vorId held bv the class of men into 
\vhose pockets the Western voters are anxio
s to legislate money? 
The American mine-owners bold a large amount in the shape of ore; 
the German Empire has ninety millions of surplus she would be glad 
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to dispose of; tbe Bank of France has one hundred and forty odd 
millions in its \Y3ultS, that is a source of great present disquietude; 
England has a fair stock, and as creditor of India is likely to become 
the holder of much more; she is deeply interested in seeing the price 
of silver sustained, and would be very.grateful for relief from any 
quarter. It is from these sources tbe silver ,vould :flow if the United 
States should decide to assume the function of }}ulling chestnuts for 
the entire commercial world, and these are the men w 110 "
ould profi t 
by remonetization-provided that step should bave tbe effect on the 
price of silver that is claimed for it. But the assumption that it 
,vill bring the gold and silver dollar upon :1 !Jar is entirely un\\
ar- 
ranted. 
The 
Ionetary Commission, of which 1\11'. Jones was chairman and 
1\11'. B1and a member, are at great pains to show, in their report, that, 
owing to the magnitude of the stocks of silver and gold in the world, 
the value of the precious metals cannot be visibly affected by current 
production; that no current supply was ever yet sufficiently great to 
nffect the value of the metals except slowly and by almost imper- 
ceptible degrees. This mayor n1ay not be so, but it is a little curious 
to 110te that the same gentlemen who in their report maintained that 
the effect of an annual supply of $65,000,000 or 870,000,000 would have 
no appreciable effect on the price of silver, are now gravely arguing 
that an annual demand of say $25,000,000-the utmost capacity of our 
mints-would at once enhance the price by 10 1)er cent. Here they 
forget the insignificance of the amount in comparison with the enor- 
mous accumulated stock of the world. 
A further decline in the price of silver is far more probable than 
an advance, and it is only because the old silver doHar is ,vorth but 
90 cents, and likely to be worth less rather than more, that it is so 
loudly clamored for. The avowed object of its restoration is to re- 
lieve those who have debts to pay. 
Neither in motive nor in method does this differ from the dis- 
reputable frauds of the fcudal princes who adulterated their coins 
that they might pay their debts more easily. Both the act and its 
consequences are identical. The image and the superscription of the 
monarc}) lied in the older example: in the modern instance tbe image 
and the superscription are no less lying ones. And the consequences 
will in no w"ise differ. lIenry VIII. was enabled to cheat his creditorR 
in precisely the same unscrupulous way that is proposed for the 
United States to cheat theirs, by paying them in coins of diminished 
value; and the losses he entailed upon bis subjects-far exceeding his 
own gains-were precisely those we sbould suffer. All creditors are 
placed in the position of the creditors of tIle swindling government. 
Debtors are indiscriminately benefited at the expense of creditors. 
To pay the public debt in a depreciated currency, whether it can be 
done legally or not, is to weaken if not destroy puùlic faith. If they 
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had a rational conception of what national credit is, this considera- 
tion alone would give the agitators pause. 'Vben nearly two ])un- 
dred years ago England was struggling to restore order to bel' finances, 
""Villiam III. pressed upon the House of Commons the Ünpol'tance of 
taking care of the public credit, and assured tbem that it could 
only be preserved by keeping sacred t
e lnaxim that "they shall 
never be losers who trust to a parliamentary security." Our national 
credit has rapidly advanced to the very first rank, and with upright 
dealing can easily be maintained there. It would not be necessary 
to perfect a great deal of the kind of legislatien that is now being 
urged to put it on a level with the credit of Spain, or the defaulting 
states of South America. 
There is a prevailing misconception as to where the gains and 
losses arising from the proposed change will fall. 
A depreciated coinage ,viII diminish the revenue of the Govern- 
Inent by a far greater amount than will be saved in the payment of 
the bonds, so that the burden of taxes cannot be lightened in that 
way. It will cripple all institutions of learning and of charity that 
are maintained by endo-wments; it will tithe the assets of all the 
savings-banks and life-insurance companies; it will curtail the trnst 
funds of widows and orphans, no matter in what fornl they may be 
held; it win defraud the frugal and prudent wholesale, for the benefit 
of the improvident and reckless. Relatively, the loss will fall heavi- 
est on those who are too poor to get in debt, ,vho .work for "'ages or 
a salary. Those of the bond-holders to wbom the no\v familiar term 
of " money-sharks" will in any degree apply will be found quite com- 
petent to take care of themselves. They live in the money-centres of 
the world; their finger is on the arteries of commerce, and they can 
watch tbe pulsations and guard against the perturbations; in tIle un- 
settled condition of things which would attend such a clulngc, they 
,vill be best able, because in the best position, to he(lge against their 
losses. Prices win, of course, adjust themselves to the new standard, 
but the adjustment will not be so sharp and rapid or exact as to 
cause the loss to fall just where it is intended it shall fal1. The 
" sharks," we may be sure, will get from under, and the brunt of the 
suffering will strike just where it does in most cases-upon the poor, 
the ill-informed, the unready. 
Of the ability of this nation to pay its deòts in full, there is not 
the slightest question, anc1 it is essentially dishonest for a debtor to 
compound at 90 cents when he can pay 100; but, if it be determined 
that it is necessary and riO'ht for the Government and other debtors to 
ð . 
make such a c0111position-if it can be shown that it is a step dictated 
by a sincere desire to execute fair and impartial justice-we shall still 
be as much entitled as ever to ohiect to its beinO' done b y reducino- 
J ð M 
the standard of money. It is an attempt to accon1plish by mean and 
paltry subterfuge that which, if done at 3011, should he done in no manly 
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way. If debts are to be scaled, let it be done openly, and the divi- 
dends, whatever they may be, paid in money at par. 
A proposition to restore the old dollar, and make it a legal tender 
for everything except the interest and principal of the public debt and 
tor custoIns duties, is said to find considerable favor. It is bard to 
understand how, after our prolonged experience of the derangement 
caused by having two unequal kinds of currency, such a scheme should 
he advocated. With one currency fit for paying bonds, customs 
duties, and foreign payments, and another not so fit, and therefore, of 
course, at a discount, we have a condition of affairs that is profitable 
to "money-sharks" and brokers alone. Every dollar which is paid as 
brokerage, growing out of the use of two kinds of currency, is a tax 
levied upon the people. If tbe sums which have been annually paid 
by consumers in the way of brokers' commissions since 1862, as a re- 
sult of the depreciation of our currency, could be stated, and it could 
be shown by \vhom this tax has ultimately been paid, it would raise a 
party in favor of a single standard that would sweep everything before 
it. The tax has been leyied indirectly, and paid unknowingly, but 
this has not lessened the burden of it-economic laws are none the 
less inexorable when their workings are obscure. And now, when we 
have almost emerged from under this load, it is proposed to put us 
back under it, not temporarily, but permanent1y, ,vithout even a dis- 
tant hope of release. 
There is one other proposition iu regard to the reissue of silver: 
it is, to coin a silver dollar which shall contain enough metal to make 
it the equal of the present gold dollar. To this there is no moral ob- 
jection, but there are grave economic ones. The rapid and yiolent 
fluctuations of the silver-market during the last two years show that 
forces are at work which are unusual in their nature and not yet un- 
derstood, and the appeal can well be made to all prudent men whether 
it would not be better to wait a little before reintroducing into onr 
currency so unstable an element. When the disturbing forces bave 
expended themselves, and the silver-market has settled do"\vn to a 
normal condition, so that we n1ay know w}mt the price of silver really 
is in relation to other commodities, it will then be time enough to 
try to establish some fixed ratio between it and gold, and admit it as 
a legal tender. 
But obvious as the lessons of history are, and pitilessly as the 
fallacies of those who think to make 90 equal 100 bave been criticised, 
both by the pens of economists and the workings of natural la"\\Ts, 
there is too much ground to fear that no reliance can he placed on 
the clearness or rectitude of popular convictions, and that we shall 
be called upon to vindicate once more the principles of monetarr 
economy in the most painful and expensive way. There does not 
seem to be among our leaders either knowledge or virtue enough to 
protect us. A minority of the }1ress and the business-men of the 
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larger to,vns of the country are alone opposing this scheme com- 
pounded of fraud and folly, and it is to be feared that their political 
influence is quite inadequate to stand against the urgency of the great 
majorities of the West and South. 


... 


SPONTANEOUS GENER.ATIU
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By PROF. JOlIN TYNDALL, F. R. S. 


II. 
L ET us now return to London and fix our attention on the dust of 
its air. Suppose a room in which the house-maid has finished 
her ,york to be completely closed, with the exception of an aperture 
in a shutter through which a sunbeam enters and crosses the room. 
The floating dust reveals the track of the light. Let a lens be placed 
in the aperture to condense the beam. Its parallel rays are now" con- 
verged to a cone, at the apex of which the dust iR rai8ed to almost 
unbroken whiteness by the intensity of its illumination. Defended 
from all glare, the eye is peculiarly' sensitive to this scattered light. 
The floating dust of London rooms is organic, and may be burned 
without leaving visible residue. The action of a spirit-Iamp flame 
upon the floating matter has been elsewhere thus described: 
" In a cylindrical beam which strongly illuminated the dust of our laboratory, 
I placed an ignited spirit-lamp. Mingling with the flame, and round its rim, 
were seen curious wreaths of darkness resembling an intensely black smoke. On 
placing the flame at some distance below the beam, the same dark masses stormed 
upward. They were blacker than the blackest smoke ever seen issuing from the 
funnel of a steamer; and their resemblance to smoke was so perfect as to prompt 
the conclusion that the apparently pure flame of the alcohol-lamp required but 3. 
beam of sufficient intensity to reveal its clouds of liberated carbon. 
" But is the blackness smoke? This question presented itself in a moment, and 
was thus answered: A red-hot poker was placed underneath the beam; from it 
the black wreaths also ascended. A large hydrogen-flame, which emits no smoke, 
was next employed, and it also produced with augmented copiousness thoso 
whirling masses of darkness. Smoke being out of the question, what is the 
darkness 1 It is simply that of stellar space; that is to say, blackness resulting 
from the absence from the track of the beam of all matter competent to scatter 
its light. 'Vhen the flame was placed below the beam, the floating matter was 
destroyed in situ,. and the heated air, freed from this matter, rose into the beam, 
jostled aside the illuminated particles, and substituted for their light the dark- 
ness due to its own perfect transparency. N otbing could more forcibly il1ustrate 
the invisibility of the agent w llich renders aU things visible. The bean1 crossed, 
unseen, the black chasm formed by "the transparent air, while, at botIl side8 of 
the gap, the thick-strewed particles shone out like a luminous solid under the 
powerful illumination." 1 
1 " Fragments of Science," fifth edition, pp. 128, 129. 
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Supposing an infusion intrinsic:llly barren, but readily susceptible 
of putrefaction when exposed to common air, to be brought into con- 
tact ,vith this unilluminable air, what would be the result? It ,vould 
never putrefy. It might, however, 1e urged that tbe air is spoiled 
by its violent calcination. Oxygen passed through a spirit-Ian1p flame 
is, it may be thought, no longer the oxygen suitable for the deve1op- 
ment and maintenance of life. 
? e have an easy escape from this 
difficulty, ","hich is based, ho,vevcr, upon the unproved aEsumption 
that the air has been affected by the flame. Let a condensed Learn 
be sent through a large flask or bolt-head containing common air. 
The track of the ùeam is seen within the flask-the dust revealing ,the 
light, and the light revealing the dust. Cork the flask, stuff its neck 
'witij cotton-wool, or f:;in1ply turn it mouth downw'ard and leave it un- 
disturbed for a day or two. Examined afterward ,vith the luminous 
beam, no track is visible; the light l)asses through the flask as through 
a vacuum. The floating matter has abolished itself, ùeing now at- 
tached to the interior surface of the flask. Were it our object, as it 
will be subsequently, to effectually detain the dirt, we might coat that 
surface with some sticky substance. IIere, then, without" torturing" 
the air in any way, we have found a means of ridding it, or rather of 
enabling it to rid itself, of floating matter. 
We have now to devise a means of testing the action of such spon- 
taneously purified air upon putrescible infusions. Wooden chambers, 
or cases, are accordingly constructed having glass fronts, side-windows, 
and back-doors. Through the bottoms of the chambers test-tubes pass 
air-tight, their open ends, for about one-fifth of the length of the 
tubes, being within the chambers. Provision is made for a free con- 
nection throu
h sinuous channels bet,veen t]Je inner and tbe outer 
air. Through such channels, though open, no dust will reach the 
chamber. The top of each chamber is perforated by a circular hole 
two inches in diameter and closed air-tight by a sheet of India-rubber. 
This is pierced in the middle by a pin, and tbrongh the pin-hole is 
pushed the shank of a long pipette, ending above in a small funnel. 
The shank also passes through a stuffing-box of cotton-,yool moistened 
,vith glycerine; so that, tightly clasped by tbe rubber and 'wool, the 
pipette is not likely in its motions up and dowu to carry any dust 
into the chamber. The annexed woodcut shows a cham her with six 
. test-tubes, its side-windows w w, its pipette p G, and its sinuous chan- 
nels (t ò ,vhich connect the air of the chamber with the outer air. 
The chamber is carefully closed and permitted to remain quiet for 
two or three days. Examined at the beginning by a beam sent 
through its windo,vs, the air is found laden with floating matter, 
which in three days has whony disappeared. To prevent its ever 
rising again into the chambers, the internal surface is coate<1 with 
glycerine. The fresh but putrescible liquid is introduced into the six 
tubes in succession by means of the pipette. Permitted to remain 
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without further precaution, everyone of the tubes would putrefy and 
fill itself ,vith life. The liquid has bepn in contact with dust-laden 
air by which it has been infected, and the infection must be destroyed. 
This is done by plunging the six 
tubes into a bath of heated oil and 
boiling the infusion. The time re- 
quisite to destroy the infection de- 
pends wholly upon its n3ture. Two 
minutes' boiling suffices to destroy 
some contagia, whereas two hun- 
dred n1inutes' boiling fails to de- 
stroy others. After the infusion 
has been sterilized, the oil-bath is 
withdrawn, and the liquid, whose 
putrescibility has been in no way 
affected by the boiling, is aban- 
doned to the air of the chamber. 
With such challlbers I tested, 
in the autumn and winter of 1875- 
'76, infusions of the most various 
kinds, embracing natural animal 
liquids, the flesh and viscera of 
domestic animals, g
me, fish, anel 
vegetables. l\Iore than fifty mote- 
less cham bel's, each with its series 
of infusions, were then tested, many 
of them repeatedly. There was no 
shade of uncertainty in any of the 
results. In every instanee we had, 
within the chamber, perfect lim- 
pidity and sweetness, which in some cases lasted for llloro than a 
year-without the chamber, with the same infusion, putridity, and its 
characteristic smells. In no instance was the least countenance lent 
to tho notion tbat an infusion deprived by heat of its inherent life, 
and placed in contact with air cleansed of its visibly suspended mat- 
ter, has any power whatever to generate life anew. 
Remembering, then, the number and variety of the infusions em- 
ployed, and the strictness of our adherence to the ruleR of preparation 
laid down by the heterogenists themselves ; remembering that we 
have operated upon the very substances recommended by them as 
capable of furnishing even in untrained hands easy and decisive proofs 
of spontaneous generation, and that we have added to their substances 
many others of our own-if this pretended generative power were a 
reality, surely it must have manifested itself somewhere. Speaking 
roundly, I should say that at least 500 chances have been given to it, 
but it has nowhere appeared. The argument is now to be closed and 
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clinched by an experiment which will remove every residue of doubt 
as to the ability of the infusions to sustain life. We open the back- 
doors of our sealed chambers, and permit the common air with its 
floating particles to have access to our tubes. For three months they 
have remained pellucid and sweet-flesh, fish, and ,.egetable extracts, 
purer than ever cook manufactured. Three days' exposure to the 
dusty air suffices to render them muddy, fetid, and swarming with 
infusorial liie. The liquids are thus proved, one and an, ready for 
putrefaction when the contaminating agent is applied. I invite my 
colleague to reflect on these facts. How will he account for the abso- 
lute immunity of a liquid exposed for months in a warm room to .opti- 
cally pure air, and its infallible putrefaction in a few days when 
exposed to dust-laden air? He must, I submit, bow to the conclusion 
that the dust-particles are the cause of putrefactive life. And, unless 
he accepts the hypothesis that these particles, being dead in the air, 
are, in the liquid, miraculously kindled into living things, he must 
conclude that the life we have observed springs from germs or organ- 
isms diffused through the atmosphere. 
The experiments with hermetically-sealed flasks have reached the 
number of 940. A salnple group of 130 of them were laid before the 
Royal Society on January 13, 1876. They were utterly free from life, 
having been completely sterilized by three minutes' boiling. I took 
special care that the temperatures to which tbe flasks were exposed 
should include those previously alleged to be efficient. I copied, 
indeed, accurately the conditions laid down by our most cOllspicuous 
heterogenist, but I failed to corroborate him. He then laid stress on 
the question of warmth, suddenly adding 30 0 to the temperatures 
with which both he and I had previously worked. "'... aiving all argu- 
ment or protest against the caprice thus manifested, I met this new 
requirement also. The sealed tubes, which had proved barren in 
the Royal Institution, were suspended in perforated boxes, and 
placed under the supervision of an intelligent assistant in the Turkish 
Bath in Jermyn Street. From two to six days had been allowed for 
the generation of organisms in hermetically-sealed tubes. l\Iine re- 
mained in the washing-room of the bath for nine days. Thermome- 
ters placed in the boxes, and read off t,vice or three times a day, 
showed the temperature to vary from a minimum of 101 0 to a n1axi- 
mum of 112 0 Fahr. At the end of nine days the infusions were as 
clear as at the beainnin a . The y were then removed to a warmer 
b b 
position. A temperature of 115 0 had been mentioned as particularly 
favorable to spontaneous generation. For fourteen days the tempera- 
ture of the Turkish bath hovered about this point, falling once as low 
as 106 0 , reaching 116 0 on three occasions, 118 0 on one, and 119 0 on 
two. The result was quite the same as that just recorded. The high- 
er temperatures proved perfectly incompetent to deyelop life. 
Taking the actual experiment we have made as a basis of calcula- 



SPONTANEOUS GE.1VERATION. 


595 


tion, if our 940 flasks were opened on the hay-loft of the Bel Alp 85S 
of them ,vould become filled with organisms. The escape of the re- 
maining 82 strengthens our case against the heterogenists, proving as 
it does conclusively that not in the air, nor in the infusions, nor in 
anything continuous diffused through the air, but in discrete particles 
nourished by the infusions, we are to seek the cause of life. Our ex- 
periment proves these particles to be in some cases so far apart on the 
ha y-Ioft as to permit 10 per cent. of our flasks to take in air without 
contracting contamination. A quarter of a century ago Pasteur 
proved the cause of " so-called spontaneous generation" to be discon- 
tinuous. I have already referred to his observation tbat 12 out of 20 
flasks opened on the plains escaped infection, while 19 out of 20 flasks 
opened on the l\Ier de Glace escaped. Our own experiment at the 
Bel Alp is a more emphatic instance of the same kind, 90 per cent. of 
the flasks opened in the hay-loft being smitten, while not one of those 
opened on the free mountain-ledge was attacked. The power of the 
air as regards putrefactive infection is incessantly changing through 
natural causes, and we are able to alter it at will. Of a number of 
flasks opened in 1876 in the laboratory of the Royal Institution, 42 
per cent. were smitten, while 58 per cent. escaped. In 1877 the pro- 
portion in the same laboratory was 68 per cent. smitten to 32 intact. 
The greater mortality, so to speak, of the infusions in 1877 was due 
to the presence of hay which diffused its germinal dust in the labora- 
tory air, causing it to approximate, as regards infective virulence, to 
the air of the Alpine loft. I would ask my friend to bring his sci- 
entific penetration to bear upon all the foregoing facts. They do not 
prove spontaneous generation to be "impossible." l\Iy assertions, 
however, relate not to " possibilities," but to proofs, and the experi- 
ments just described do most distinctly prove the evidence on which 
the heterogenist relies to be ,vritten on waste paper. 
1\ly friend will not, I am persuaded, dispute these results; but he 
may be disposed to urge that other able and honorable men working 
at the same subject have arrived at conclusions different from mine. 
Most freely granted, but let me here recur to the remarks already 
made in speaking of the experiments of Spallanzani, to the effect that 
the failure of others to confirm his result.s by no means upsets their 
evidence. To fix the ideas, let us suppose that my colleague comes 
to the laboratory of the Royal Institution, repeats there my experi- 
ments, and obtains confirmatory results; and that he then goes to 
University or King's College, where, operating with the same in- 
fusions, he obtains contradictory results. Will he be dÜ:;posed to 
conclude that the self-sanle snbstance is barren in Albemarle Street 
and fruitful in Gower Street or the Strand? His Alpine experience 
has already made known to him the literaHy infinite differences exist- 
ing between different sanlPles of air as regards their capacity for 
putrefactive infection. And, possessing this knowledge, will he not 
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substitute, for the adventurous conclusion that an organic infusion is 
barren at one })lace and spontaneously generative at another, the more 
rational and obvious one that the air of the two localities ",
)1ich has 
had access to the infusion is infective in different degrees? 
As regards workmanship, moreover, he will not fail to Lear in 
mind that fruitfulness may be due to errors of manipulation, while 
barrenness involves the presumption of correct experiment. It is only 
the careful worker tbat can secure the latter, while it is open to every 
novice to obtain the former. Barrenness is the result at which tbe 
conscientious experimenter, whatever his theoretic convictions 111ay 
be, ought to aim, omitting no pains to secure it, and resorting, .on ly 
when there is no escape from it, to the conclusion that the life observed 
comes from no source which correct experinlent could neutralize or 
avoid. Let us again take a definite case. Supposing my colleague to 
operate with the same apparent care on 100 infusions-or rather on 
100 samples of tbe same infusion-and tbat 50 of them prove fruitful 
and 50 barren. Are we to say that the evidence for and against 
heterogeny is equaUy balanced? There are some who would not only 
say this, but who would treasure up the 50 fruitful flasks, as "posi- 
tive results, and lower tbe evidential value of the 50 barren flasks by 
labeling them "negative" results. This, as shown by Dr. 'Villiam 
Roberts, is an exact inversion of the true order of the terms positi,'e 
and negative. 1 Not Eueh, I trust, would be the course pursued by my 
friend. As regards the 50 fruitful flasks be would, I doubt 110t, 
repeat the experiment with redoubled care and scrutiny, and, not by 
one repetition only, but by many, assure himself tbat he bad not fallen 
into error. Such faithful scrutiny fully carried out ,,
ould infallibly 
lead bim to the conclusion that here, as in all other ca.ses, the evidence 
in favor of spontaneous generation crumbles in the grasp of the com- 
petent inquirer. 
The botanist knows that different seeds possess different powers 
of resistance to heat. 2 Some are killed by a momentary exposure to 
the boiling temperature, while others \vitbstand it for several hours. 
1\lost of our ordinary seeds are rapidly killed, while Pouchet n1ade 
known to the Paris Academy of Sciences, in 1866, that certain seeds, 
which had been transported in fleeces of wool from Brazil, germinated 
after four hours' boiling. The germs of the air yary as n111ch nn10ng 
themselves as the seeùs of the botanist. In some localities the diffused 
gern1s are so tender that boiling for five minutes, or even less, would 
be sure to destroy them all; in other localities the diffused germs are 


I See his truly philosophical remarks on this head in the British ]}fedical Journal, 
18'76, p. 282. 

 I am indebted to Dr. ThistIeton Dycr for various illustrations of such diffcrences. It 
i
, however, surprising that a subject of such high scientific importance should not bave 
been more thOl;oughly expIored. Here the scoundrels who deal in killed seeds might be 
able to add to our knowledge. 
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so obstinate that many hours' boiling would be requisite to deprive 
them of their po,ver of germination. The absence or presence of a 
truss of desiccated hay would produce differences as great as those 
here described. The greatest endurance that I have ever obf'erved- 
and I believe it is the greatest on record-was a case of survival after 
eight hours' boiling. As regards their power of resisting heat, the 
infusorial germs of our atmosphere might be classified under the fol- 
lowing and intermediate he
ds: Killed in five minutes; not killed in 
five minutes but killed in fifteen; not killed in fifteen minutes but 
killed in thirty; not killed in thirty minutes but kiUed in an hour; not 
killed in an hour but killed in two hours; not killed in two but killed 
three hours; not killed in three but killed in four hours. I have bad 
several cases of survival after four and five hours' boiling, some sur- 
vivals after six, and one after eight hours' boiling. Thus far has 
experiment actually reached, but there is no valid warrant for fixing 
upon even eight hours as the extreme limit of vital resistance. Prob- 
ably more extended researches (though mine have been very exten- 
sive) would reveal germs more obstinate still. It is also certain that 
we might begin earlier, and find germs which are destroyed by a tem- 
perature far below that of boiling water. In the presence of such 
facts, to speak of a death-point of bacteria and their germs would be 
mere nonsense-but of this more anon. 
We have now to test one of the principal founùations of tIle doc- 
trine of spontaneous generation as formulated in this country. With 
this view, I place before my friend and co-inquirer two liquids which 
have been kept for six months in one of our sealed chambers, exposed 
to optically pure air. The one is a mineral solution containing in 
proper proportions all the substances which enter into the composition 
of bacteria, the other is an infusion of turnip-it might be anyone of 
a hundred other infusions, animal or vegetable. Both liquids are as 
clear as distilled water, and there is no trace of life in eitber of them. 
They are, in fact, completely sterilized. A mutton-chop, over which 
a little water has been poured to keep its juices from drying up, has 
lain for three days upon a plate in our warm room. It smeUs offen- 
sively. Placing a drop of the fetid mutton-juice under a microscope, 
it is found swarming with the bacteria which live by putrefaction, 
and without which no putrefaction can occur. With a speck of the 
swarming liquid I inoculate tlJe clear mineral solution and tho clear 
turnip-infusion, as a surgeon might inoculate an infant with vaccine 
lymph. In four-and-twenty hours the transparent liquids have be- 
come turbid thronghout, and, instearl of being barren as at first, they 
are teeming with life. The experiment may l)e repeated a thou
and 
times with the same invariable result. To the naked eye the liquids 
at the beginning were alike, being both equally- transparent-to the 
naked eye they are alike at the end, being both equally muddy. In- 
stead of putrid mutton-juice we might take as a source of infection 
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anyone of a hundred other putrid liquids, animal or vegetable. So 
long as the liquid contains the living bacteria, a Rpeck of it communi- 
cated to the dear mineral solution, or to the clear turnip-infusion, 
produces in twenty-four hours the effect that we have described. 
We now vary the experiment thus: Opening the back-door of an- 
other closed chamber which has contained for months the pure mineral 
solution and the pure turnip-infhsion side by side, I drop into each of 
them a small pinch of laboratory dust. The effect here is tardier than 
when the speck of putrid liquid '\\
as employed. In three days, bow- 
ever, after its infection with the dust, the turnip-infusion is muddy, 
and swarming as before with bacteria. But what about the mineral 
solution which, in our first experiment, bebaved in a manner undistin- 
guishable from the turnip-juice? At the end of three days there is 
not a bacterium to be found in it. At the end of three weeks it is 
equally innocent of bacterial life. We may repeat the experiment 
with the solution and the infusion a hundred times, 'with the same 
invariable result. Always in the case of tbe latter the so\ving of the 
atmospberic dust yields a crop of bacteria-never in the former does 
the dry germinal nlatter kindle into active life. J "That is the infer- 
ence which the reflecting mind must draw from this experiment? Is 
it not as clear as day that while both liquids are able to feed the 
bacteria and to enable them to increase and multiply, after they have 
been once fully developed, only one of the liquids is able to develop 
into active bacteria tbe germinal dust of the air? 
I invite my friend to reflect upon this conclusion; he will, I think, 
see that there is no escape from it. lIe may, if he prefers it, hold the 
opinion, which I consider erroneous, that bacteria exist in the air, not 
as germs but as desiccated organisms. 'fhe inference remains that, 
while the one liquid is able to force the passage from the inactive to 
the active state, the other is not. 
But this is not at all the inference which has been drawn from 
experiments with the mineral solution. Seeing its ability to nourish 
bacteria when once inoculated with the living active organism, and 
observing that no bacteria appeared in the solution after long ex- 
posure to the air, the inference was drawn that neither bacteria nor 
their germs existed in the air. Throughout Germany the ablest lit- 
erature of the subject, even that opposed to heterogeny, is infected 
with this error; ,vhile heterogenists at home and abroad have based 
upon it a triumphant demonstration of their doctrine. It is proved, 
they say, by the deportment of the mineral solution tbat neither 
bacteria nor their germs exist in the air; hence, if, on exposing a 
thoroughly sterilized turnip-infusion to the air, bacteria appear, they 
must of necessity have been spontaneously generated. In the words 
I This Í8 the deportment of the mineral solution as described by otbers. My own 
experiments would lead me to say tbat the development of the bacteria, though exceed- 
ingly slow and difficult, is not impossible. 
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of Dr. Bastian, uttered not in a popular book, but in the" Proceedings 
of the Royal Society," J with reference to this very experiment: "'V e 
can only infer that while the boiled saline solution is quite incapable 
of engendering bacteria, such organisms are able to arise de novo in 
the boiled organic infusion." I would ask my eminent colleague what 
he thinks of this reasoning now? The datuln is, "A mineral solu- 
tion exposed to common air does not develop bacteria:" the infer- 
ence is, "Therefore, if a turnip-infusion similarly exposed develop 
bacteria, they must be spontaneously generated." The inference, on 
the face of it, is an unwarranted one. But, while as matter of logic it 
is inconclusive, as matter of fact it is chimerical. London air is as 
surely charged with the germs of bacteria as London chimneys are 
with smoke. The inference just referred to is cOlnpletely disposed of 
by the simple question: " \Vhy, when your sterilized organic infusion 
is exposed to optically pure air, should this generation of life de novo 
utterly cease? Why should I be able to preserve my turnip-juice 
side by side with your saline solution for the three hundred and sixty- 
five days of the year, in free connection with the general atmosphere, 
on the sole condition that the portion of that atmosphere in contact 
with the juice shall be visibly free from floating dust, while three 
days' exposure to that dust fills it with bacteria?" Am I over-san- 
guine in hoping that, as regards the argnment here set fort]), he who 
runs may read, and he who reads may understand? Let Ine add, 
however, that while exposing the fallacy of the inferences drawn from 
it, I regard the observation that the boiled saline solution can sustain 
the developed organisms, while it cannot develop them from the dry 
germinal matter of the air, as an important addition to our knowledge. 
We are indebted for it to Dr. Burdon-Sanc1erson, who soon saw that 
his first interpretation of it went too far, and who, in a communication 
recently presented to the Royal Society, abandons the interpretation 
altogether. 
'Ve now proceed to the calm and thorough consideration of another 
subject, more important if possible than the foregoing one, but like 
it somewhat difficult to seize by reason of the very opulence of the 
phraseology, logical and rhetorical, in which it has been set forth. 
The subject now to be considered relates to wllat has been called" the 
death-point of bacteria." Those who happen to be acquainted with 
the modern English literature of the question will remember how 
challenge after challenge has been issued to panspermatists in general, 
and to one or two home workers in particular, to come to close quar- 
ters on this cardinal point. It is obviously the stronghold of the 
English heterogenist. " Water," he says, "is boiling merrily over a 
fire, when some luckless person upsets the vessel so that the heated 
fluid exercises its scathing influence upon an uncoyered portion of tbe 
body-hand, arm, or face. Here at all events there is no rOOIU for 
J Vol. xxi., p. 130. 
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doubt. Boiling water unquestionably exercises a most pernicious and 
rapidly-destructive effect upon the living matter of which we are 
composed." J And, lest it should be supposed tbat it is the high or- 
ganization which, in this case, renders tbe body fmsceptible to heat, 
he refers to the action of boiling ,vater on the hen's-egg to dissipate 
the notion. "The conclusion," he says," would seem to force itself 
upon us that there is something intrinsically deleterious in the action 
of boiling water upon living matter-whether this matter be of high 
or of low organization." 2 Again, at another place, "It has been 
shown tbat the briefest exposure to the influence of boilir.g water is 
destructive of all living matter." 3 Througbout his prolonged, dis- 
quisitions on this subject, Dr. Bastian makes special kinds of living 
l11atter do duty for all kinds. To invalidate t]le foregoing statenlents 
it iü only necessary to Ray tbat eight years before they were n1ade it 
had been known to the wool-staplers of El1æuf, and Pouchet bad pub- 
lished the fact in the CO'fì1ptes-Rendus of the PCl'ris Academy of Sci- 
ences/ that the desiccated seeùs of the Brazilian plant rnedicago sur- . 
vived fully four hours' boiling. Pouchet himself boiled the seeds, and 
found some of them swollen and disintegrated, ,vhile oth(Jrs remained 
hard and unswollen. Sown in the same earth, the latter germinated 
while the former did not. So much for the heterogenist's mistake 
regarding ordinary seeds; we must now examine whether no error 
underlies his experiment
 and his reasonings 8S to "the death-point 
of bacteria." 
The experiments already recorded plainly show that there is a 
marked difference between the dry hacterial nlatter of the air, and 
the wet, soft, and active bacteria of putrefying organic liquids. The 
one can be luxuriantly bred in the saline solution, the others refuse to 
be born -there, .while both of them are copiously developed in a steril- 
ized turnip-infusion. Inferences, as we have already seen, founded on 
the deportment of the one liquid cannot ,\'ith the .warrant of scientific 
logic be extended to the other. But this is exactly what the heteroge- 
nist has done, thus repeating, as regards the death-point of bacteria, 
the error into ,vhich he fell concerning the germs of the air. Let us 
boil our mudJy mineral solution with its swarming bacteria for five 
minutes. In the soft, succulent condition in which tl1ey exist in the 
solution not one of them escapes destruction. The same is true of the 
turnip-infusion if it be inoculated with th4? living bacteria only-the 
aërial dust being carefully exc1nded. In both cases the dead organ- 
isms sink to the l)ottom of the liquid, and without reinoculation no 
fresh organisms 'will ariAe. But the case is entirely different when we 
inoculate our turnip-infusion with the desiccated germinal n1atter 
afloat in the air. 
Tbe "death-point" of bacteria is the 111aximun1 tf'mperature at 


1 Bastian, U Evolutiont p. 133. 2 Ibid., p. 135. 
4 Vol. lxiii., p. 939. 


3 Ibid., p. 46. 
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which they can live, or tbe minimum temperature at which they 
cease to live. If, for example, they survive a temperature of 140 0 , 
and do not survive a temperature of 150 0 , the death-point lies some- 
where between these two temperatures. Vaecine lymph, for example, 
is proved by Messrs. Braidwood and Vacher to be deprived of its 
power of infection by brief exposure to a temperature between 140 0 
and 150 0 Fabr. This may be regarded as the death-point of the 
lymph, or rather of the particles diffused in the lymph, which consti- 
tute the real contagium. If no time, however, be nan1ed for the ap- 
plication of the heat, the term "death
point" is a vague one. An 
infusion, for exalnple, which will resist five hours' continuous exposure 
to tbe boiling temperature, will succumb to five days' exposure to a 
temperature 50 0 below that of boiling. '-fhe fully-developed, 80ft bac- 
teria of putrefying liquids are not only killed by five minutes' boiling, 
but by les
 than a single minute's boiling-indeed, they are slain at 
about the same temperature as the vaccine. The same is true of the 
plastic, active bacteria of the turnip-infusion. 1 But, instead of cl100s- 
ing a putrefying liquid for inoculation, let us prepare and employ our 
inoculating substance in the following simple 'way: Let a smaH \visp of 
hay, desiccated by age, be washed in a glass of\vater, and let a perfectly 
sterilized turnip-infusion he inoculated "witb the 'washing liquid. After 
three hours' continuous boiling the infusion thus infected will often 
develop luxuriant bacterial life. Precisely the same occurs if a turnip- 
infusion be prepared in an atmosphere well charged witb desiccated 
hay-germs. The infusion in this case infects itself without special 
inoculation, and its subsequent resistance to sterilization is often very 
great. On the 1st of 1\larch last I purposely infected the air of our 
laboratory with the germinal dust of a sapless kind of hay mown in 
1875. Ten groups of flasks 'v ere charged with turnip infusion }Jre- 
pared in the infected laboratory, and were afterward subjected to the 
boiling temperature for periods varying from 15 minutes to 240 min- 
utes. Out of the ten groups only one was sterilized-that, namely, 
which had been boiled for four hours. Every flask of the nine groups 
which had been boiled for 15, 30, 45, GO, 75, 90, 105, 120, and 180 
minutes respectively, bred organisms after"ward. The saIne is true 
of other vegetable infusions. On the 28th of February last, for ex.. 
ample, I boiled six flasks, containing cucumber-infusion prepared in 
an infected atmosphere, for periods of 15, 30, 45, 60, 120, and 180 
minutes. Every flask of the group subsequently developed organislns. 
On the same day, in the case of three flasks, the boiling ,vas prolonged 
to 240, 300, and 3GO minutes; and tbese three flasks "Tere completely 


I In my paper in the" Philosophical Transactions" for 1876, I pointed out and illus- 
trated experimentally the difference, as regards rapidity of development, betwí'en water- 
germs and air-germs; the growth from the already softened water-gerros proving to be 
practically as rapid as from developed bacteria. This preparedness of the, germ for rapid 
development is associated with its preparedness for rapid destruction. 
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sterilized. Animal infusions, which under ordinary circumstances are 
rendered infallibly barren by five minutes' boi1ing, behave like the 
vegetable infusions in an infective atmosphere. On the 30th of l\larch, 
for example, five flasks 'were charged ,vith a clear infusion of beef and 
boiled for 60 minutes, 120 minutes, 180 minutes, 240 minutes, and 
300 minutes resl)ectively. Everyone of them became subsequently 
crowded with organisms, and the same }utppened to a perfectly pel- 
lucid mutton-infusion prepared at the same time. The cases are to 
be numbered by bundreds in which similar powers of resistance were 
manifested by infusions of the most divC1'se kinds. 
In the presence of such facts I would ask my eminent colleague 
whether it is necessary to dwell for a single instant on the one-sided- 
ness of the evidence ,vhich led to the conclusion that all living matter 
has its life destroyed by" the briefest exposure to the influence of 
boiling water." An infusion proved to be barren 1)y six months' ex- 
posure to moteless air kept at a temperature of 90 0 Fahr., when inoc- 
ulated with full-grown, active bacteria, fil1s itself in two days with 
organisms so sensitive as to be killed by a few minutes' exposure to a 
temperature much below tbat of boiling ,vater. But the extension of 
this result to tbe desiccated germinal matter of tl)e air is without 
warrant or justification. This is obvious without going beyond the 
argument itself. But ,ve have gone far beyond the argument and 
proved by multiplied experiment the alleged destruction of all living 
matter by the briefest exposure to the influence of boiling water to 
be a delusion. The whole logical edifice raised upon this basis fans, 
therefore, to the ground; and the argument tbat bacteria and their 
germs being destroyed at 140 0 must, if they appear after exposure to 
212 0 , be spontaneously generated, is, I trust, silenced forever. 
Through the precautions, variationf:, and repetitions observed and 
executed with the view of rendering its results secure, the separate ves- 
sels employed in this inquiry have mounted up in two years to nearly 
10,000. Here, however, and with good reason, the editor cries, "Halt!" 
I had hoped, when I began, to carry the argument further. Besides 
the philosophic interest attaching to the problem of life's origin, 
which will be always immense, there are the practical interests in- 
volved in the application of the doctrines here discussed to surgery 
and medicine. The antiseptic system, at which I have already,glanced, 
illustrates tbe manner in which beneficent results of tbe gravest mo- 
ment follow in the 'wake of clear theoretic insight. Surgery was once 
a noble art; it is no\v, as well, a noble science. Prior to the intro- 
duction of the antiseptic system, the thoughtful surgeon could not 
have failed to learn empirically that there is something in the air 
which often defeated the most consummate operative skill. That 
something the antiseptic treatment destroys or renders innocuolls. 
At King's College !tlr. Lister operates and dresses while a fine shower 
of mixed carbolic acid and water, produced in the simplest manner, 
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falls upon the wound, the lint and gauze employed in the subsequent 
dressing being duly saturated with the antiseptic. At St. Bartholo- 
mew's 1\Ir. Callender employs the dilute carbolic acid without the 
spray; but, as regards the real point aimed at-the preventing of the 
wound from becoming a nidus for the propagation of septic bacteria 
-the practice in both hospitals is the same. Commending itself as 
it does to the scientifically-trained mind, the antiseptic system has 
struck deep root in Germany. 
It ,vould also have given me pleasure to point out the present 
position of the" germ-theory" in reference to the phenomena of in- 
fectiouH disease, distinguishing arguments based on analogy-which, 
however, are terribly strong-from those based on actual observation. 
I should have liked to fol1o,v up the account I bave already given 1 of 
the truly excellent researches of a young and an unknown German 
physician named Koch, on splenic fever, by an account of what Pas- 
teur has recently done with reference to the same subject. Here we 
ha ve before us a living contagium of the most fatal power, which .we 
can follow from the beginning to the end of its life-cycle. 2 We find 
it in the blood or spleen of a smitten animal in the state say of short 
motionless rods. We place these rods in a nutritive liquid on the 
warm stage of the microscope, and see them lengthening into fila- 
ments which lie side by side, or, crossing each other, become coiled 
into knots of a complexity not to be unraveled. We finally see those 
filaments resolving themselves into innumerable spores, each with 
death potentially housed within it, yet not to be distinguished micro- 
scopically from the harmless germs of Bacillus subtilis. The bacte- 
rium of splenic fever is called Bacillus anthracis. This formidable 
organism was shown to me by 1\1. Pasteur in Paris last July. His 
recent investigations regarding the part it plays pathologically cer- 
tainly rank among the most remarkable labors of that remarkable 
man. Observer after observer had strayed and fallen in this land of 
pitfal1s, a multitude of opposing conclusions and mutually-destruc- 
tive theories being the result. In association with his younger physi- 
ological colleague M. Joubert, Pasteur struck in amid the chaos, 
and soon reduced the whole of it to harmony. They proved, among 
other things, that in cases where previous observers in France Ilad 
supposed themselves to be dealing solely with splenic fever, another 
equal1y virulent factor was simultaneously active. Splenic fever was 
often overmastered by septicæmia, and results due solely to the latter 
had been frequently made the ground of pathological inferences re- 
garding the cbaracter and cause of the former. Combining duly the 
two factors, all the previous irregularities disappeared, every result 
obtained receiving the fullest explanation. On studying the account 
1 Fortnightly Review, November, 18'16. 
2 DalIinger and Drysdale had previously shown what skill and patience can accom- 
plish by their admirable observations on the life-history of the monads. 
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of this masterly investigation, tbe words wherewith Pasteur himself 
feelingly alludes to the difficulties and dangers of the experimenter's 
art came home to me with especial force: "J'ai tant de fois éprouvé 
que dans cet art difficile de l'expérimentation les plus babiles bron- 
chent à cbaque pas, et que l'il1terprétation des faits n'est pas moins 
péril1euse." 1 
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 OF CHANCES. 


I. 
I T is a common observation tl1at a science first begins to be exact 
when it is quantitatively treated. 'Vhat are called the exact sci- 
ences are no others than tl1e mathematical ones. Chemists reasoned 
vaguely until Lavoisier showed them how to apply the balance to the 
verification of their theories, "\vl1en chemistry leaped suddenly into 
the position of the most perfect of the classificatory sciences. It bas 
thus hecon1e so precise and certain tbat we usually think of it along 
with optics, thermotics, and electrics. But these are studies of general 
laws, 'while chemistry considers merely the relations and classification 
of certain ohjects; and 'belongs, in reality, in the same category as 
systematic botany and zoölogy. Compare it with these last, ho'wever, 
and the advantage that it derives from its quantitative treatment is 
very evident. 
The rudest numerical scales, such as that by which the mineral- 
ogists distinguish the different degrees of hardness, are found useful. 
The mere counting of pistils and stamens sufficed to bring botany out 
of total chaos into some kind of form. It is not, llowever, so much 
from counting as from measuring, not so much from the conception 
of number as from that of continuous quantity, that the advantage 
of mathematical treatn1ent comes. N umber, after al1, only serves to 
pin us down to a precision in our thoughts which, however beneficial, 
can seldom lead to lofty conceptions, and frequently descends to pet- 
tines5. Of those two faculties of wJJÌch Bacon speaks, tbat which 
n1arks differences and that which notes resemblances, tbe employment 
of nnm ber can only aid the 
esser one; and the excessive use of it 
Blust tend to narro\v the powers of the mind. But the conception of 
continuous quantity has a great office to fulfil1, independently of any 
attempt at precision. Far from tending to the exaggeration of differ- 
ences, it is the direct instrument of the finest generalizations. 'Vhen 
1 CompleB Rendus, lxxxiii., p. 177. 
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a naturalist wishes to study a species, he collects a consid(Jrable nun1- 
bel' of specimens more or less similar. In conten1plating them, be 
observes certain ones which are lllore or less alike in some particular 
respect. They all have, for instance, a certain S-shaped Inarking. 
He observes that they are not precisely alike, in this respect; the S 
has not precisely the same shape, but the differences are such as to 
lead hilll to believe that forms could be found intermediate between 
any t,vo of those he possesses. lIe, now, finds other forms apparently 
quite dissimilar-say a marking in the form of a C-and tbe question 
is, whether he can find intermediate ones which will connect these latter 
,vith the others. This he often succeeds in doing in cases where it 
would a't first be thought impossible; whereas, he sometimes finds 
those which differ, at first glance, much less, to be separated in N atllre 
by the non-occurrence of intermediaries. In this way, he builds up 
from the study of Nature a new general conception of the character in 
question. lIe obtains, for example, an idea of a leaf which includes 
every part of the flower, and an idea of a vertebra which includes the 
skull. I surely need not say much to show what a logical engine 
there is here. It is the essence of the method of tbe naturalist. Ho,v 
he applies it first to one character, and then to another, and finally 
obtains a notion of a species of animals, the ùifferences between whose 
men1bers, however great, al
e confined within limits, is a matter 
which does not here concern us. The whole method of classification 
must be considerec1later; but, at present, I only desire to point out 
that it is by taking advantage of the idea of continuity, or tl)e passage 
from one form to another by insensible degrees, that the naturalist 
builds his conceptions. N o,v, the naturalists are tbe great builders 
of conceptions; there is no other branch of science wbere so n1uch of 
this work is done as in theirs; and we must, in great measure, take 
the III for our teachers in this important part of logic. And it win be 
found everywbere that the idea of continuity is a powerful aid to the 
formation of true and fruitful conceptions. By means of it, the great- 
est differences are broken do,vn and resolved into differences of degree, 
and the incessant application of it is of the greatest value in broaden- 
ing our conceptions. I propose to make a great use of this idea in 
the present series of papers; and the particular series of important 
fallacies, which, arising from a neglect of it, have desolated pbiloso- 
Vhy, n1ust further on be cloRely studied. At present, I simply call the 
reader's attention to the utility of this conception. 
In studies of numbers, the idea of continuity is so indispensable, 
that it is perpetually introduced even where there is no continuity in 
fact, as where we say that there are in the United States 10.7 in- 
habitants per square mile, or tJ)at in New York 14.72 persons live 
in the average house.! Anotber example is that law of the distribu- 
1 This mode of thought is so familiarlv associated with all exact numerical considera. 
tion, that the phrase appropriate to it is imitated by shallow writers in order to produce 
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tion of errors which Quetelet, Galton, and others, have applied 'With 
so much success to the study of biological and social matters. This 
application of continuity to cases where it does not really exist illus- 
trates, also, another point which will hereafter demand a separate 
study, namely, the great utility which fictions sometimes bave in 
SCIence. 


II. 
The theory of probabilities is simply the science of logic quantita- 
tively treated. There are two conceivable certainties .with reference 
to any hypothesis, the certainty of its truth and the certainty of its 
falsity. The numbers one and zero are appropriated, in this calculus, 
to marking these extremes of knowledge; 'while fractions baving 
values intermediate between them indicate, as we may vaguely say, 
the degrees in which the evidence leans toward one or the other. 
The general problem of probabilities is, from a given state of facts, 
to determine the numerical probability of a possible fact. This is the 
same as to inquire ho\v much the given facts are worth, considered as 
evidence to prove the possible fact. Thus tbe problem of probabilities 
is simply the generallJroblem of logic. 
Probability is a continuous quantity, so that great advantages may 
be expected from tbis mode of studying logic. Some writers bave gone 
so far as to maintain that, by n1eans of the calculus of c11ances, every 
solid inference DUlY be represented by legitin1ate arithmetical opera- 
tions upon the numbers given in the premises. If this be, indeed, 
true, the great problem of logic, how it is that the observation of one 
fact can give us knowledge of another independent fact, is reduced to 
a mere question of arithmetic. It sef\ms proper to examine this pre- 
tension before undertaking any more recondite solution of the paradox. 
But, unfortunately, 'writers on probabilities are not agreed in re- 
gard to this result. This branch of mathematics is the only one, I 
believe, in which good writers frf'quently get results entirely errone- 
ous. In elementary geometry the reasoning is frequently fallacious, 
but erroneous conclusions are avoided; but it may be doubted if 
there is a single extensive treatise on probabilities in existence which 
does not contain solutions absolutely indefensible. This is partly 
owing to the want of any regular mf\thod of procedure; for the sub- 
ject inv01ves too many subtilties to lnake it easy to put its problen1s 
into equations without such an aid. But, beyond this, the fundaluental 
principles of its calculus are more or less in dispute. In regard to 
that class of questions to which it is chiefly applied for practical pur- 
poses, there is comparatively little doubt; but in regard to others 
to which it has been sought to extend it, opinion is somewhat un- 
settled. 
the appearance of exactitude where none exists. Certain n{'wspapel's which affect a 
learned tone talk of "the average man," when they simply mean most men, and h
ve no 
idea of striking an average. 



ILLUSTRATIONS OF THE LOGIO OF SOIENOE. 607 


This last class of difficulties can only be entirely overcome by 
making the idea of probability perfectly clear in our minds in the 
way set forth in our last paper. 


III. 
To get a clear idea of what we mean by probability, we have to 
consider ,vhat real and sensible difference there is between one degree 
of probability and another. 
The character of probability belongs primarily, without doubt, to 
certain inferences. Locke explains it as follows: After remarking 
tbat the mathematician positively knows that the sum of the tbree 
angles of a triangle is equal to two right angles because he appre- 
hends the geometrical proof, he thus continues: "But another man 
who never took the pains to observe the demonstration, hearing a 
mathematician, a man of credit, affirm the three angles of a triangle 
to be equal to two right ones, assents to it; i. e., receives it for true. 
In which case the foundation of his assent is the probability of tbe 
thing, the proof being such as, for the most part, carries truth with 
it; the man on whose testimony he receives it not being wont to 
affirm anything contrary to, or besides his knowledge, especially in 
matters of this kind." rfhe celebrated "Essay concerning Humane 
Understanding" contains many passages which, like this one, make 
the first steps in profound analyses which are not further developed. 
It was shown in the first of these papers that the validity of an 
inference does not depend on any tendency of the mind to accept it, 
however strong such tendency may be; but consists in the real fact 
that, when premises like those of the argument in question are true, 
conclusions related to them like that of this argument are also true. 
It was remarked that in a logical mind an argument is always con- 
ceived as a member of a genus of arguments all constructed in the 
same way, and such that, when their premises are real facts, their 
conclusions are so also. If tbe argument is demonstrative, then this 
is always so; if it is only probable, then it is for the nlost part so. 
As Locke says, the probable argument is "such as for the most part 
carries truth with it." 
According to this, that real and sensible difference between one de- 
gree of probability and another, in which tIle meaning of the distinc- 
tion lies, is that in tbe frequent employment of two different modes 
of inference, one will carry truth with it oftener than the other. It 
is evident that this is the only difference there is in the existing fact. 
llaving certain premises, a man draws a certain conclusion, and as far 
as this inference alone is concérned the only possible })ractical ques- 
tion is ,,,hether that conclusion is true or not, and betwepn existence 
and non-existence tbere is no middle term. " Being only is and noth- 
ing is altogether not," said Parmenidcs; and this is in strict accord- 
ance with the analysis of th0 conception of reality given in the last 
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paper. For ,ve found that the distinction of reality and fiction de- 
pends on the SUpl)osition that sufficient ill\"estigation would canse one 
opinion to be universally r
ceivEd and all others to be rejected. That 
presupposition involved in the very conceptions of reality 311Ù figment 
involves a complete sundering of the two. It is the h(lavcn-alld-hell 
idea in the domain of thought. But, in the long run, there is a real 
iact which corresponds to the idea of probability, and it is that a given 
mode of inference sometimes proves successful and sometimes not, and 
that in a ratio ultimately fixed. As we go on ðra,ving inference after 
inference of the given kind, during the first ten or hundred cases tI)e 
ratio of successes may be expected to show considerable fluctuations; 
but .when ,ve conle into the thouEands and millions, these fluctuations 
ùecome less and less; and if we continue long enough, the ratio will 
approxinlate toward a fixec1limit. "T e may therefore define the prob- 
ability of a Inode of argulncnt as the proportion of cases in which it 
carries truth ,vith it. 
The inference fron1 tIle premise, A, to tIle conclusion, B, depends, 
as ,ye have seen, on the guiding l)rinciple, that if a fact of the class A 
is true, a fact of the class B is true. The probability consists of the 
fraction whose nUlllerator is the number of tinles in w hieh both A and 
B are true, and whose denominator is the total number of times in 
which A is true, ,,
hether B is so or not. Instead of speaking of this 
as the probaùility of the inference, there is not the sligJ)est objection 
to calling it the probability that, jf A happens, B happens. But to 
speak of the })robability of the event B, without naming the condition, 
really has no meaning at all. It is tl'ue that wIlen it is perfectly ob- 
vious what condition is meant, the ellipsis may be permitted. But 
we should avoid contracting the babit of using lal1guage in this ,,-ay 
(universal as the habit is), because it gives rise to a vague way of 
thinking, as if the action of causation n1ight either c1etern1Íne an event 
to happen or determine it not to happen, or leave it more or less free 
to happen or not, so as to give }'ise to an inherent chance in regard to 
its occurrence. It is quite clear to 111e that some of the worst and 
most persistent errors in the use of the doctrine of chances ha ve arisen 
from this vicious mode of e:x:pressìon. 1 


IV. 
But there remains an important point to be cleared up. Accord- 
ing to what has been said, the idea of probability essentially belongs 
to a kind of inference ,vhich is l'epeated indefinitely. An individ- 
ual inference must be either true or false, and can show no effect of 
probability; and, tllerefore, in reference to a single case considered in 
J The conception of probability here set forth is substantially that first developed by 
Mr. Venn, in his" Logic of Chance." Of course, a vague apprehension of the idea had 
always existed, but the problem was to make it perfectly clear, and to him belongs tbe 
credit of first doing this. 
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itself, probability can have no meaning. Yet if a man had to choose 
between drawing a card from a pack containing twenty-five red cards 
and a black one, or from a pack containing twenty-five black cards 
and a red one, and if the drawing of a red card were destined to 
transport him to eternal felicity, and that of a black one to consign 
him to everlasting woe, it would be folly to deny that he ought to pre- 
fer, the pack containing the larger proportion of red cards, although, 
from the nature of tl1e risk, it could not be repeated. It is not easy 
to reconcile this with our analysis of the conception of chance. But 
suppose he should choose the red pack, and should dra\v the wrong 
card, what consolation would he have? He might say that he had 
acted in accordance with reason, but, that would only show that his 
reason was absolutely worthless. And if he should choose the right 
card, how could he regard it as anything but a bappy accident? He 
could not say that if he had drawn from the other pack, he might 
have dra-wn the wrong one, because an hypothetical proposition such 
as, "if A, then B," means nothing with reference to a single case. 
Truth consists in the existence of a real tàct corresponding to the true 
proposition. Corresponding to the proposition, " if A, then B," there 
may be the fact that whenever such an event as A happens such an 
event as B happens. But in the case supposed, which has no parallel 
as far as this man is concerned, there would be no real fact whose 
existence could give any truth to the statement that, if he had drawn 
from the other pack, he might have drawn a black card. Indeed, 
since the validity of an inference consists in the truth of the hypotheti- 
cal proposition that if the premises be true the conclusion will also 
be true, and since the only real fact which can correspond to such a 
proposition is that whenever the antecedent is true the consequent is 
so also, it follows that there can be no sense in reasoning in an isolated 
case, at all. 
These considerations appear, at first sight, to dispose of the diffi- 
culty mentioned. Yet the case of tbe other side is not yet exhaust- 
ed. Although probability will probably manifest its effect in, say, a 
thousand risks, by a certain proportion between the numbet.s of suc- 
cesses and failures, yet this, as we have seen, is only to say that it 
certainly wilJ, at length, do so. Now the number of risks, the nUlll- 
bel' of probable inferences, which a man draws in his whole life, is a 
finite one, and he cannot be absolutely certain that the mean result 
,viII accord with the probabilities at all. Taking all his risks collec- 
tively, then, it cannot be certain that they will not fail, and his case 
does not differ, except in degree, from the one last supposed. It is an 
indubitable result of the theory of probabilities that every gambler, 
if he continues long enough, must ultimately be ruined. Suppose he 
tries the martingale, which some believe infallible, and which is, as I 
am informed, disallowed in the gambling-houses. In this method of 
playing, he first bets say $1; if he Joses it he bets $2; if he loses that 
VOL. XII.-S9 ' 
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he bets $4; if he loses that he bets $8; if be then gains he has lost 
1 + 2 + 4 == 7, and he has gained $1 Inore; and DO matter }JOW many 
bets he loses, the first one he gains win make him $1 richer than be 
was in the beginning. In that way, he ,vill probably gain at first; 
but, at last, the time will come when the run of luck is so against him 
that he will not have money enough to double, and must therefore let 
bis bet go. This will probably happen before he has won as much as 
he had in the first place, so that this run against him win leave him 
poorer than he began; some time or other it will be sure to happen. 
It is true that there is always a possibiJity of his winning any sum 
the bank can pay, aud 'we thus come upon a celebrated paradox that, 
though he is certain to be ruined, the value of his expectation calcu- 
lated according to the usual rules (which omit this consideration) is 
large. But, whether a gambler plays in this way or any other, the 
same thing is true, namely, that if plays long enough he will be sure 
some time to have such a run against him as to exhaust his entire for- 
tune. The same thing is true of an insurance company. Let the di- 
rectors take the utmost pains to be independent of great conflagra- 
tions and pestilences, their actuaries can tell dl(m that, according 10 
the doctrine of chances, tIle time must come, at last, when their losses 
will bring them to a stop. They may tide over such a crisis by ex- 
traordinary means, but then they will start again in a weakened 
state, and the same thing will }lappen again all the sooner. An act- 
uary n1ight be inclined to deny this, because he knows that the ex- 
vectation of his company is large, or perhaps (neglecting tbe interest 
upon money) is infinite. But calculations of expectations leave out 
of account tbe circumstance now under consideration, ,vhicb reverses 
the whole thing. However, I must not be understood as saying 
that insurance is on this account unsound, more tbal] other 'kinds of 
business. An human affairs rest upon probabilities, and tIle Eame 
thing is true everywbere. If man were immortal he could be per- 
fectly sure of seeing' the day when everything in which he had trusted 
should betray his trust, and, in short, of coming eventua]]y to hope- 
less misery. He would break down, at last, as every great fortune, 
ns every dynasty, as every civilization doe
. In place of this .we 
have death. 
But what, without death, would happen to every man, with deatb 
Tnnst happen to some man. At tbe same time, death makes tbe num- 
her of onr risks, of our inferences, finite, and so makes their mean 
result uncertain. The very idea of probability and of reasoning rests 
on the assumption that tbis number is indefinitely great. 'Ve are 
t.hus landed in the same difficulty as before, and I can see hut one 

olution of it. It seems to TIle that we are driven to this, that logi- 
<'31ity inexorably requires that our interests shall not be limited. 
They must not stop at onr own fate, but must embrace the whole 
cOTnmunity. This community, a

ain, must not be limited, but must 
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extend to all races of beings with whom we can come into immediate 
or mediate intellectual relation. It must reach, however vaguely, be- 
yond thia geological epoch, beyond all bounds. He who would not 
sacrifice his own soul to save the whole world, is, as it seenlS to ID(;A, 
illogical in all his inferences, collectively. Logic is rooted in the 
social principle. 
To be logical men should not be selfish; and, in point of fact, they 
are not so seHish as they are thought. The willful prosecution of 
one's desires is a different thing fl.om selfishness. The miser is not 
selfish; his money does him no good, and he cares for what shall be- 
come of it after his death. We are constantly speaking of our pos- 
sessions on the Pacific, and of our destiny as a republic, where no 
personal interests are involved, in a way which shows that we bave 
wider ones. We discuss with anxiety the possible exhaustion of coal 
ill some hundreds of years, or the cooling-off of the sun in some 
millions, and show in the most popular of all religious tenets that we 
can conceive the possibility of a man's descending into hill for the 
sal vation of his fellows. 
Now, it is not necessary for logicality that a man should himself 
be capable of the heroism of self-sacrifice. It is sufficient that he 
should recognize the possibility of it, should perceive that only that 
man's inferences who has it are really logical, and should consequent- 
ly regard his own as being only so far valid as they would be accepted 
by the hero. So far as he thus refers his inferences to that standard, 
he becomes identified with such a mind. 
This makes logicality attainable enough. Sometimes we can per- 
sonally attain to heroism. rrhe soldier who runs to scale a wall 
knows that he ,viII probably be shot, but that is not all he cares for
 
He also knows that if all the regiment, with whom in feeling he iden- 
tifies himself, rush forward at once, the fort will be taken. In other 
cases we can only imitate the virtue. The man whom we have sup- 
posed as having to draw from the two packs, who if he is not a lo- 
gician will draw from the red pack frotn mere habit, will see, if he is 
logician enough, that he cannot be logical so long as he is concerned 
only with his own fate, but that that man who should care equally for 
what was to happen in all possible cases of the sort could act logi- 
c,a11y, and would draw from the pack with the most red cards, and 
thus, though incapable himself of such sublimity, our logician would 
imitate the effect of that man's courage in order t.o share his 10gica1ity. 
But all this requires a conceived identification of one's interests 
with those of an unlimited community. Now, there exist no reasons, 
and a later discussion will show that there can be no reasons, for 
thinking that the human race, or any intellectual race, will exist for- 
ever. On the other hand, there can be no reason against it; 1 and, 
1 I do not here admit an absolutely unknowable. Evidence could show us what 
would probably be the case after any given )apse of time; and though a subsequent time 
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fortunately, as the whole requirement is that 'we should have certain 
sentÏlnents, there is nothing in the facts to forbid our having a hope, 
or calm and cheerful wish, that the community may last beyond any 
assignable date. 
It may seem strange that I should put forward three sentiments, 
namely, interest in an indefinite community, recognition of the possi- 
bility of this interest being made supreme, and hope in the unlÎlnited 
continuance of intellectual activity, as indispensable requirements of 
logic. Yet, when we consider that logic depends on a mere struggle 
to escape doubt, which, as it terminates in action, nlust begin in emo- 
tion, and that, furthermore, the only cause of our planting oursel \reS 
on reason is that other methods of escaping doubt fail on account of 
the social impulse, why should we wonder to find social sentiment 
presupposed in reasoning? As for tbe other two sentiments which I 
find necessary, they are so only as supports and accessories of that. 
It interests me to notice that these three sentiments seem to be pretty 
much the
ame as that famous trio of Charity, Faith, and IIope, which, 
in the estimation of St. Paul, are the finest and greatest of spiritual 
gifts. N either Old nor New Testament is a text-book of the logic 
of science, but the latter is certainly the highest existing authority 
in regard to the dispositions of heart which a man ought to have. 


v. 
Such average statistical numbers as the number of inhabitants per 
square nÚle, the average number of deaths per week, the number of 
convictions per indictment, or, generally speaking, the number of æ's 
per y, where the æ's are a class of things some or an of which are con- 
nected with another class of things, their y's, I term relative numbers. 
Of the two classes of things to which a relative number refers, that 
one of which it is a number may be called its relate, and that one 
per which the numeration is made may be called its correlate. 
Probability is a kind of relative number; namely, it is the ratio 
of the number of arguments of a certain genus which carry truth with 
them to the total number of arguments of that genus, and the rules 
for the calculation of probabilities are very easily derived from this 
consideration. They may all be given here, since they are extremely 
simple, and it is sometimes convenient to know something of the ele- 
mentary rules of calculation of chances. 
RULE I. .Direct Oalculation.-To calculate, directly, any relative 
number, say for instance the number of passengers in the average trip 
of a street-car, we must proceed as follows:- 
Count the number of passengers for each trip; add all these num- 
bers, and divide by the number of trips. There are cases in which 
this rule may be simplified. Suppose we wish to know the number 
might be assigned which that evidence might not cover, yet further evidence would 
cover it. 
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of inhabitants to a dwelling in New York. The same person cannot 
inhabit two dwellings. If he divide his time between two d weIlings 
he ought to be counted a half-inhabitant of each. In this case we 
have only to divide the total number of the inhabitants of N ew York 
by the number of their dwellings, without the necessity of counting 
separately those which inhabit each one. A similar proceeding will 
apply wherever each individual relate belongs to one individual cor- 
relate exclusively. If we want the number of æ's per '!I, and no æ be- 
longs to more than one y, we have only to divide the whole number 
of æ's of y's by the number of y's. Such a method would, of course, 
fail if applied to finding the average number of street-car pas8engers 
per trip. We could not divide the total number of travelers by the 
number of trips, since many of them would have made many passages. 
To find the probability that from a given class of premises, A, a 
given class of conclusions, B, follow, it is simply necessary to ascer- 
tain what proportion of the times in which premises of that class are 
true, the appropriate conclusions are also true. In other words, it is 
the number of cases of the occurrence of both the events A and B, di- 
vided by the total number of cases of the occurrence of the event A. 


RULE II. .Addition of Relative Nun
bers.-Given two relative 
numbers having the same correlate, say the number of æ's per y, 
and the number of z's per y j it is required to find the number of æ's 
and z's together per y. If there is nothing which is at once an æ and 
a z to the same y, the sum of the two g'iven nunl bers would give the 
required number. Suppose, for example, that we had given the aver- 
age number of friends that men have, and the average number of 
enemies, the sum of these two is the average number of persons in- 
terested in a man. On the other hand, it plainly would not do to add 
the average number of persons having constitutional diseases to the 
average number over military age, and to the average number ex- 
empted by each special cause from military service, in order to get 
the average number exempt in any way, since many are exempt in 
two or more ways at once. 
This rule applies directly to probabilities. Given tbe probability 
that two different and mutually exclusive events will happen under the 
same supposed set of circumstances. Given, for inst3nce, the proba- 
bility that if A then B, and also the probability that if A then C, 
then the sum of these two probabilities is the probability that if A 
then either B or C, so long as there is no event which belongs at 
once to the two classes Band C. 


RULE III. Multiplication of Relative Numbers.-Suppose that we 
have given the relative number of æ's per y j also the relative num- 
ber of z's per æ of y j or, to take a concrete example, suppose that we 
have given, first, the average number of children in families living in 
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N ew York; and, second, the average number of teeth in tbe head of 
aNew York child-then the product of these two numbers would 
give the average number of children's teeth in aNew York family. 
Hut this mode of reckoning will only apply in general under two ]'(,_ 
strictions. In tbe first place, it would not be true if tl)e same child 
could belong to different families, for in that case those children w110 
belonged to several different families wight }lave an exceptionally 
large or smaH number of teeth, which would affect the average num-' 
bel' of children's teetb in a family D10re tban it would affect tbe aver- 
age number of teeth in a child's head. In the second place, tbe rule 
would not be true if different children could share the same teetb, ,the 
average number of cbildren's teeth being in that case evidently some- 
thing different from the average number of teetb belonging to a child. 
In order to apply this rule to probabilities, we must proceed as fol- 
lows: Suppose that we have given tbe probability that the conclusion 
B follows from the premise A, B and A representing as usual certain 
classes of propositions. Suppose that we also knew the probability of 
an inference in which B should be the premise, and a proposition of a 
third kind, C, the conclusion. Here, then, 'we have tbe materials for 
the application of this rule. \V' e have, first, the relative number of B's 
per A. We next should have the relative nnn) ber of C's per B fol- 
lowing from A. But tbe classes of pro})ositions being so selected that 
the probability of C following from any B in general is just the same 
as the probability of C's following from one of those B's which is de- 
ducible from an A, tbe two probabilities may be multiplied together, 
in order to give the probability of C following from A. The same 
restrictions exist as before. It might happen that the probability that 
B follows from A was affected by certain propositions of the class B 
foHowing from several different propositions of the class A. But, 
practically speaking, aH these restrictions are of vel'y little conse- 
quence, and it is usnaHy recognized as a principle universally true 
tbat the probability that, if A is true, B is, multiplied by the proba- 
bility that, if B is true, C is, gives the probability that, if A is true, 
Cis. 
There is a rule supplementary to this, of w hicb great use is made. 
It is not universally valid, and the greatest caution has to be exercised 
in making use of it-a double care, first, never to use it when it wiU 
involve 8erious error; and, second, never to fail to take advantage of it 
in cases in which it can be employed. This rule depends upon tbe fact 
that in very many cases the probability that C is true if B is, is substan- 
tially the same as the probability that C is true if A is. Suppose, for 
example, we have the average number of males among the children 
born in New York; suppose that we also have the average number of 
children born in the winter months among those born in New York. 
N ow, we may assume without doubt, at least as a closely approxi- 
mate proposition (and no very nice calculation would be in place in 
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regard to probabilities), that the proportion of maleR among aU the 
children born in N e,v York is the same as the proportion of males born 
in summer in New York, and, therefore, if the names of aU the chil- 
dren born during a year were put into an urn, we might multiply the 
probability that any name drawn would be the name of a male child 
by the probability that it would be the name of a child born in 
summer, in. order to obtain the probability that it would be the 
name of a male child born in summer. The questions of proba- 
bility, in the treatises upon the subject, have usually been snch as re- 
late to balls drawn from urns, and games of cards, and so on, in 
which the question of the independence of events, as it is called-that 
is to say, the question of whether the probability of 0, under the 
hypothesis B, is the same as its probability under the hypothesi8 
A, has been very simple; but, in tbe application of probabilities to 
the ordinary questions of life, it is often an exceedingly nice ques- 
tion whether two events may be considered as independent with suf- 
ficient accuracy or not. In all calculations about cards it is assumed 
that the cards are thoroughly shufHed, which makes one deal quite in- 
dependent of another. In point of fact the cards seldom are, in prac- 
tice, shufHed sufficiently to make this true; thus, in a game of whist, 
in which the cards have fallen in suits of four of the same suit, and 
are so gathered up, they will lie more or less in sets of four of the 
same suit, and this will be true even after they are shuilled. At least 
some traces of this arrangement will remain, in consequence of which 
the number of "short suits," as they are called-that is to say, the 
number of hands in which the cards are very unequally divided in re- 
gard to suits-is smaller than the calculation would make it to be; so 
that, when there is a misdeal, where the cards, being thrown about 
the table, get very thoroughly shuffled, it is a common saying that in 
the hands next dealt out there are generally short suits. A few years 
ago a friend of mine, who plays whist a great deal, was so good as to 
count the nuulber of spades dealt to him in 165 hands, in which the 
cards had been, if anything, shufHed better than usual. According to 
calculation, there should haye been 85 of these hands in which my 
friend held either three or four spades, but in point of fact there were 
94, showing the influence of imperfect shuffiing. 
According to the view here taken, these are the only fundamental 
rules for the calculation of chance
. An additional one, derived from 
a different conception of probability, is given in some treatises, which 
if it be sound might be made the basis of a theory of reasoning. 
Being, as I believe it is, al)solutely absurd, the consideration of it 
serves to bring us to the true theory; and it is for the sake of this 
discussion, which must be postponed to the next number, that I have 
brought the doctrine of chances to the reader's attention at this early 
stage of our studies of the logic of science. 
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LIQUEFACTIO
 OF GASES.! 


By GASTON TISSANDIER. 


E VERYone knows that the matter which constitutes the various 
natural bodies occurs in three different forms, nan1ely, the solid, 
the liquid, and the gaseous states. So, too, everyone knows that 
the state of a body is not at all imlnutable: a solid may be fused 
and volatilized; a liquid 111ay become a solid, or be transformed into 
vapor; a gas may be changed into a liquid or a solid-all these 
changes occurring according to the conditions of temperature or of 
pressure to which the solids, liquids, or gases, are subjected. 'Yater 
tUl
ns into ice under the action of cold; into steam under the action 
of heat. Sulphur, })hosphorus, tne metals, and most solid bodies, may 
in like manner assume these three stateR. Chlorine, protoxide of ni- 
trogen, carbonic acid, etc., may be liquefied or solidified. To this end 
we have only to bring the molecules nearer to one another by com- 
pressing them, or subjecting them to the action of cold. 
Faraday succeeded in liquefying a certain number of gases by 
compression and refrigeration, but there 
till ren1ained a number tbat 
proved absolutely refractory to the most po'werful agencies; bence 
these gases were call
d pern
anent. They are hydrogen, nitrogen, 
oxygen, carbonic oxide, bioxide of nitrogen, and formene (marsh-gas). 
Chemists, it is true, w
re quite confident that tbese gases, like an 
others, were subject to the general laws of bodies; it was held to be 
certain that the gases just named would, like the others, yield to suffi- 
ciently high pressure or refrigeration. But, nevertheless, they still 
remained l}odies sui generis, defying, so to speak, the powers of the 
chemist, and tIleir change of state presented itself as a weighty prob- 
lem, the solution of which was all the more alluring in proportion to 
the difficulties with which it was surrounded. Berthelot, as "Te know, 
subjected them to tIle enormous pressure of 800 atmospheres, and to a 
refrigeration of more than 100 0 below zero, Centigrade; but all was 
in vain, and the permanent gases justified their name. 
This is so no longer. A retired manufacturer, ,vho at the same 
time is a distinguished man of science, :IVI. Cailletet, has subdued the 
permanent gases, having succeeded in liquefying and solidifying them. 
This result, which is one of the most interesting achieyements of our 
time, must unquestionably be regarded as a new and a grand conquest 
of matter by science. 
Nearly at the same moment, another ingenious investigator and 
inventor, 1\1. Raoul Pictet, reached the same result with regard to 
oxygen gas. 'Ve will pass in review successively the experiments of 
1 Translated from the French by J. Fitzgerald, A. M. 
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these two chemists, commencin g with those of Cailletet. Our en- 
graving (Fig. 1) shows the great . apparatus constructed by 1\1. Cail- 
letet in his shops at Châtillon-sur-Seine. It consists of a hollow cylin- 
der of steel, A, firmly secured on a bed of cast-iron by means of the 
clamps B B. A cylindrical rod of untempered steel, serving as a 
plunger-piston, enters this cylinder, \vhich must be tilled with water. 
The opposite extremity of the rod terminates in a square-threaded 
screw, passing through the bronze Dut F attached to the ,vheel M. 
,A.ccording to the direction given to the wheel by means of the pins 
at its circumferen.ce, the plunger-piston Inay be made to advance or 
retreat in the axis of the pump-barrel. A packing of leather prevents 
the compressed liquid from escaping from tbe cylinder. 
In introducing the water) or other liquid designed to be COlTI- 
pressed, it is poured into the glass cup G, which communicates With 
the inside of the apparatus. A steel screw, with conical point, c10ses 
the narrow passage through which the liquid enters. This screw ter- 
minates in a small wheel with handle-pins, O. By this arrangmnent 
we can suddenly release the compressed gases, and see a dense mist 
form in the capillary glass tube containing them. (This tube is seen 
in the middle of the cylinder 'In.) The mist is formed under the 
influence of the external cold produced by the sudden ren10val of 
pressure, and it is an infallible sign of the liquefaction, or even the 
congelation, of the gases which hitherto lla ve been regarded as per- 
manent. 
a is a steel reservoir, capable of bearing a pressure of 900 or even 
1,000 atmospheres; it is connected with the compression-apparatus 
by a capillary tube of metal. The water in the cylinder, under the 
pressure of the piston, enters this reservoir, and acts on mercury 
,vhich compresses the gas. 
h is the ajutage which receives the glass apparatus designed to 
hold the gas under experiment; it is connected with the top 'of the 
reservoir by a nut. Fig. 2 represents the arrangement of this part, 
half the actual size. 
rn is a flint-glass cylinder, inclosing another glass cylinder, in tbe 
middle of which is seen the fine tube in which the gas is to be lique- 
fied. Thus this capillary tube can be surrounded with freezing mixt- 
ures, or with liquid protoxide of nitrogen. The outer cylinder m, 
which is concentric ,vith the inner one, and contains substances 
"rhich have a strong affinity for moisture, prevents the deposit of ice 
or vapor on the cooled tube, which would hinder observation. 
p is a cast-iron stand to hold the reservoir a. Screws d d serve to 
raise or lower the reservoir for the purpose of spectroscopic exami- 
nation, or of projecting the experiments on a screen. 
An ajutage S connects together the metaHic capillary tubes which 
transmit the pressure to the various portions of the apparatus. 
N is a modified Thomasset manometer, verified by means of an 



LIQUEFACTION OF GASES. 


open manometer on the flanks of a hill near the laboratory of Châtil- 
lon-sur-Seine. 
N' is a glass manometer which serves to check the readings of the 
mercurial apparatus. 
This notable apparatus involves no danger, for the glass tube in 
which the gas is compressed presents a very small surface, and no 
serious result could follow were it to break. 
A few years ago an English phys- 
icist, Thomas Andrews, was led to 
infer that, for permanent gase,s, there 
exists a critical point of pressù're and 
temperature, above which they cannot 
be brought to the liquid state. This 
opinion is confirmed by Cailletet's ex- 
periments. Each gas requires that a 
certain pressure be combined with 
a certain reduction of temperature: 
either the one or the other of these 
t\VO conditions might be employed 
separately without any effect, even 
supposing them to reach a high inten- 
sity. 
The first of the permanent gases 
liquefied by 1\1. Cailletet was bioxide 
of nitrogen. As we have just said, 
unless the t.wo conditions of compres- 
sion and low tenlperature be united 
according to the critical points, the 
gas does not liquefy. Hence it is that 
bioxide of nitrogen has remained gas- 
eous at a pressnre of 270 atmospheres 
and a temperature of + SO Cent. For- 
mene or marsh-gas 1iquefies at ISO at- 
mospheres and + '1 0 Cent. 
"If," says 1\1. Cailletet
 "we in- 
close oxygen or pure carbonic oxide 
in the compression-apparatus; if we 
reduce these gases to a temperature 
of -29 0 Cent. by the aid of sulphurous 
acid at a pressure of about 300 atmos- 
pheres, both gases still retain their 
gaseous state. But if t:ley be released 
suddenly, so, according to Poisson's 
formula, producing a temperature of at least 200 0 below the starting- 
point, we at once see a heavy mist, caused by the liquefaction or even, 
perhaps, tbe solidification of the oxygen or carbonic oxide. The 
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FIG. 2.-GLASB TUBE WITH THICK W ALLB, 
IN WHICH GASES ARE LIQUEFIED. Tbe 
gas is compressed in tbe upper part of 
the tube by a column of mercury forced 
upward by hydrostatic pressure. The 
gas condenses into a liquid drop or into 
a mist, on pressure bein
 removed. This 
glass tube is inclosed WIthin a glass cyl- 
inder holding the freezing mixt ure. 



620 THE POPULAR SCIENCE MONTHLl r . 


same phenomenon is observed in releasing carbonic acid, and pro- 
toxide and bioxide of nitrogen, which have been subjected to strong 
pressure." 1 
After having obtained these results, at a session of the Academy 
on December 31st, 1\1. Cailletet announced that be had 'won a com- 
plete victory over the other permanent gases. 1\1. Dumas informed 
the members present at tbe session that the able experimenter had 
succeeded in liquefying nitrogen, atmospheric air, even hydrogen it8el
 
which would seem to have been the most refractory gas of them all. 
We take from the Oompte8 Rendu8 the following details: 


Nit'fogen.-Pure or dry nitrogen, compressed under about 200 atmospheres, 
at a temperature of nearly + 13 0 Cent., and then suddenly released, becomes 
very clearly condensed. There first appears a body resembling a pulverized 
liquid, in drops of appreciable volume, and then this liquid gradually disappears 
from the walls of the tube toward the middle, at length forming a sort of verti- 
cal column in the axis of the tube; this phenomenon persists for more than 
three seconds. These appearances remove all doubt as to the true character of 
the phenomenon. M. Cailletet first made this experiment at home with a tem- 
perature of -29 0 Cent.; he repeated it again and again at the laboratory of the 
Normal School, in the presence of several men of science. 
Hydrogen.-Hydrogen has always been regarded as the most refractory of 
gases, owing to its slight density, and the almost complete conformity of its 
mechanical properties to those of the perfect gases. Hence it was with very 
little hopes of a favorable result that 1L Cailletet subjected this gas to the same 
tests which had produced liquefaction of all the others. 
"In my early experiments," says he, "I recognized nothing that was pecul- 
iar; but, as often happens in the experimental sciences, the habit of observing 
phenomena at last leads us to recognize peculiarities where before they were 
quite unnoticed. This was what happened in the case of hydrogen. On repeat- 
ing my experiments to-day, December 31st, in the presence and with the assist- 
ance of Messrs. Berthelot, H. Sainte-Claire-DeviIle, and Mascart, I succeeded in 
observing signs of the liquefaction of hydrogen, which to these expert witnesses 
appeared to be unquestionable. 
"The experiment was repeated many times. Hydrogen placed under a 
pressure of 280 atmospheres, and then released, becomes transformed into an 
extremely fine and subtile mist, suspended in the tube throughout its entire 
length, snd then suddenly disappearing. The production of this mist, despite 
its extreme subtilty, appeared to be indisputable to al1 the scientific men who 
witnessed this experiment, and who carefully repeated it again and again, under 
such conditions as to leave no doubt as to the fact." 
Air.-" Having liquefied nitrogen and oxygen, the liquefaction of atmos- 
pheric air was ipso facto demonstrated. Nevertheless, I concluded to make 
this a matter of direct experiment; and here, as might have been expected, I 
was perfectly successful. I need not say that the air had been first dried ana 
deprived of every trace of carbonic acid. In this way," adds M. Cailletet, "was 
demonstrated the correctness of the views held by the founder of modern chem- 
istry, Lavoisier, as to the possibility of reducing air to the state of liquidity, by 
producing liquids endowed with new and unknown properties." 


1 Oomptes Rendu8 de l' Académie des Sciences, December 24, 1877. 
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Plainly, the power of producing liquid air opens to applied science 
new horizons. There is no need to prove that, from tbe purely scien- 
tific and philosophical point of view, M. Cailletet's experiments are 
of supreme importance. 
We will conclude this article with a description of the little 
lecture-room or laboratory apparatus, constructed by 1\1. Ducretet, 
to show how, according to Cailletet's process, gases are liquefied. 
It is a copy of the essential parts of the apparatus at Châtillon-sur- 
Seine. The bell-glass is modified. The screw-press, too, is represent- 
ed here by a more portable pump. The accompanying figure, which 
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FIG.3.-SMALL APPARATUS FOR LIQUEFYING GASES. 


represents the apparatus in section, will enable us to give a more de- 
tailed description of tbe system devised by M. Cailletet. 
T T is a glass tube, containing tbe gas to be compressed; a cur- 



622 THE POPULAR SCIENCE MONTHLY. 


rent of the gas has passed through it, so as to expel all the atmos- 
pheric air. For this purpose it is first placed in an horizontal position; 
then, after it has been filled with the gas destined for the experiment, 
the tube is closed at its extremity p at a lamp, while the other ex- 
tremity is closed by the finger and introduced vertical1y into the iron 
apparatus, as shown in the figure. It dips into a cylindrical reservoir 
of mercury. The upper part of the tube is surrounded with a glass 
cylinder, M, filled with a freezing n1Íxture, as in the larger apparatus. 
The whole is then covered over with a bel1-glass, G. The tube TU 
connects with a compression-pump, worked by hand, and provided 
with a manoDleter, which shows the degree of pressure. The wa:ter 
compressed by the pump acts on tbe surface of the mercury as seen 
in the figure. This mercury is thus forced into the tube T T, dimin- 
ishes the space a b, occupied by the gas, and soon bears on its top 
little drops of compressed gas, which unite to form a small quantity 
of liquid, b. 
The principal parts of the apparatus are B, a box of wrought- 
iron, witb very strong walls; E E', nuts which can be screwed off in 
order to adjust the apparatus before the experiment begins; A, aju- 
tage; P P, two of the three very strong legs supporting the appara- 
tus; S, support of the bell-glass G and the cylinder j}I
. N, supple- 
mentary screw used to stop tbe mouth of tbe passage R, while the 
mercury is being poured into the apparatus. 
We would remark that the enlarged lower end of the tube T is 
subject to an equal pressure within and ,vithout, and cannot break. 
It is only tbe upper portion of tbe tube that has to withstand the in- 
ternal pressure, but its walls are very strong. 
The experiment may be projected on a screen by the aid of a 
Drummond light. The apparatus is very simple, and liquefies a great 
number of gases. One can with the naked eye observe all tbe phases 
of liquefaction, and this without any danger. lIenee this instrument 
is destined to render great service in research and in instruction, 
whether in colleges or in the Iecture-room.-La Nature. 
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CORRESPONDENCE. 


To tM Editor of the Popular Science Monthly. 
S IR: As a student of Herbert Spencer's 
Philosophy, I have waited impatient- 
ly the advent of his "Principles of Sociol- 
ogy," and particularly so of late, as I am 
greatly interested in the work of an Amer- 
ican writer on a kindred subject. I refer 
to Mr. Lewis H. Morgan's "Ancient Soci- 
ety," lately published by Henry Holt & 
Co. It is to a comparison of the views of 
these writers on the origin of the monoga- 
mian family that I wish to invite your at- 
tention. 
In Mr. Morgan's studies of consanguin- 
ity and affinity he found certain systems 
prevailing which could only be explained 
by the existence of certain forms of mar- 
riage, and of the fami1y which produced 
them. The
e forms he has named the 
"Consanguine," the "Punaluan," and the 
"Monogamian." As before 8tated, it is the 
origin of the latter form only that I pro- 
pose to discuss at present. According to 
.Mr. Morgan, the monogamian family is com- 
paratively modern, and came into existence 
with the growth of the idea of property. 
He says (page 477): "The growth of prop- 
erty and the desire for its transmission to 
children was, in reality, tbe moving power 
which brought in monogamy to insure legit- 
imate heirs, and to limit their number to 
the actual progeny of the married pair." 
He maintains that exclusive cohabitation, 
in the sense that we understand it, was not 
practised until mankind had created prop- 
erty in masses, which they desired should 
pass into the hands of their offspring, and 
that the marriage of single pairs previous 
to this did not constitute monogamy, but 
formed what he terms the "Syndyasmian 
or Pairirlg Family," which differed from 
monogamy in several e!'sential particulars, 
chief of which was the fact that" the mar- 
riage relation continued during the pleasure 
of the parties, and no lon
er," and, so far 
as the male was concerned, "the absence of 
an exdllsive cohabitation." In reading 
Mr. Rpencer's article on the "Evolution 
of the Famil)'," it occurred to me that 
:Mr. Morgan's theory answered his ques- 
tion, "Are different forms of domestic 
arrangement as
ociated with the militant 
system of organization and the industrial 
system of organization?" even better 
than his own. Mr. Spencer remarks that 
" .. h I.".' 
on exammmg t e lacts more closely we 
di
cern general connections between" the 
militant type and polygyny, and between 


the industrial type and monogamy." He 
then calls attention to the truth that" the 
contrast between the militant and the in- 
dustrial is properly between a state in which 
life is occupied in conflict with other be- 
ings, brute and human, and a state in which 
life is occupied in peaceful labor-energies 
spent in destruction instead of energie8 
spent in production." Now it is obvious 
that the latter state is the one in which thc 
growth of the idea of property and the de- 
sire to transmit it to offspring would surely 
be generated, and that if, as is alleged 1 y 
Mr. Morgan, monogamy owed its origin to 
the growth of these ideas, then necessarily 
monogamy and industrialness would surely 
be connected, and that this is the case, Mr. 
Spencer thinks unquestioned. He says: 
"That advance from the primitive preda- 
tory t)'pe to the highest industrial type 
has gone along with advance from prevalent 
polygyny to exclusive monogamy, is unques- 
tionable; and that the decrease of militancy 
and increase of industrialness have been 
the essential cause of this change in 'the 
type of family, is shown by the fact that 
this change has occurred where such oth- 
er supposable causes as culture, religious 
creE'd, etc., have not come into play." 
It seems to me that, in applying the 
term monogamy to all forms of the pairing 
famiJy, from the highest to the lowest, :Mr. 
Spetlcer is in error. He should, like Mr. 
:Morgan, limit it to that form in which ex- 
c1usiye cohabitation is the law for both man 
and woman. He should deal with monogamy 
as an institution. In so dealing with it, WE' 
see that it has arisen, as Mr. Spencer has 
taught us, like all other institutions) by the 
action of environing agencies on existing 
social conditions, and that the principal 
agency in the present case is the growth of 
the idea of property. R. M. 


U THE LAW OF CONTINrITY." 
To tlle Editor Qf the Popular Science Monthly. 
IN reply to Mr. Launcelot's letter in the 
:1IoNTHLY for February, I would draw atten- 
tion to the Journal of the Chemical Socie(l/, 
yolume viii., page 51, where the late Prof. 
Graham records certain experiments. He 
found that sulphuric acid continued to 
evolve heat when mixed even with the fif- 
tieth equivalent of water that was added to 
it, so that there seemed to be no distinct 
limit to chemical affinity. He concludeR, 
"There is rcason to beliE've that chemical 
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affinity passes in its lowest degree into the I have been reduced to translucent tenuity 
attraction of aggregation." your note makes any answer from me un
 
As to Mr. Launcelot's paragraph, wherein I necessary. GEORGE ILEs. 
he states that many metals, other than gold, MONTREAL, January 22, 1878. 


EDITOR'S TABLE. 


THE PROGRESS OF AMERIOAN BIOLOGY. 
W E publish this month the first 
half of the able and interesting 
address delivered by Prof. 1.farsh, be- 
fore the American Association, at N ash- 
vine, last August, on the" Introduction 
and Succession of Vertebrate Life in 
America," and which is the first com- 
plete edition that has appeared in any 
periodical. The paper is, from its na- 
ture, somewhat technical, but the author 
could not help that, as, in dealing with 
newly-discovered forms of life, he is 
compelled to use new terms a. little 
freely, and to make his account oom- 
plete he includes some lists of genera, 
which win be of great service to bio- 
logical students, and should not fright- 
en off unscientific readers, who will find 
much to interest them in the general 
treatment of the subject. There is noth- 
ing 'more remarkable in our time than 
the activity of its scientific thought, 
and the importance of the new results 
that are being reached in all the spheres 
of investigation. Of this, we have a 
striking illustration in the fact that four 
months was sufficient almost to anti- 
quate Prof. Marsh's address, and make 
it necessary to post it up to the begin- 
ning of the present year, by notes from 
the author, stating what new things 
have been discovered since its delivery. 
Among these are mentioned a new 
species of fossil fish (Oe'patodus), that 
has recently attracted much scientific 
attention, and is significant a.s the 
first founù in the Mesozoic fonnations 
of this country. A number of new 
Jurassic reptiles, some of enormous 
size, and a new genus (Epihipp'WJ), 
a missing Eocene link in the genealogy 
of the horse, have also come to light. 


The interesting point here is, that 
these are all forms that the evolu- 
tionist was expecting from our mar- 
velous Rocky Mountain region, 
nd 
they show how rapidly the biologi- 
cal evidence of this theory is accumu- 
lating. The whole address is indeed a 
weighty contribution to the literature of 
this doctrine, as, besides the mere rec- 
ord of ancient life which it affords, the 
genealogies of many groups of animals 
are now traced for the first time" I t is 
well known that Prof. Marsh, by his 
skin, enterprise, and assiduity, has made 
the field of the exploration of the West- 
ern fossil-beds very much his own; and 
in this address, which first attempts a 
summary statement of what is known 
of the extinct vertebrate life of this 
continent, he necessarily includes his 
own results. Among its leading feat- 
ures there is a discussion of the migra- 
tions of extinct mammals, and strong 
evidence is presented (in opposition to 
previous opinion upon the sUQject) tbat 
North America is really the oldest con- 
tinent, from which South America, as 
well as Asia and Europe, derive many 
of their animals. The author's obser- 
vations have led bim also to conclude 
that thm"e is at present no evidence 
that any of the supposed bird-tracks of 
the Connecticut River sandstone were 
made by birds, but were probably all 
made by reptiles. In discussing the 
unsettled question among geologists as 
to the line between the Cretaceous and 
Tertiary rocks in the West, Prof. Marsh 
puts forward a new principle or law as 
to the value of different kinds of fossils 
in determining geological age. His in- 
vestigations show that the bigher the 
grade of life, the better is the evidence 
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they yield; plants, for example, being I wbat here goes on in this light, invisi- 
poor witnesses in such a case, and the ble medium, wc must strive to keep in 
higher vertebrates the best. Geologists mind the behavior of the air-particles. 
will be interested in the researches of In the propagation of sound, a strean1 
the author, the results of which are of thril1s is shot out from its source, at 
also given, into the origin and succes- the rate of about eleven hundred feet 
sion of the Tertiary fresh-water lakes per second, and the series of air-waves 
of the Rocky l\Iountain region; a sub- is simply a succession of condensations 
ject upon which but little accurate in- and rarefactions of the clastic medium, 
formation has been hitherto attainable. in which the aërial particles successive- 
The portion of the paper printed in the ly take up and pass on the n10tions of 
present :MOXTIILY includes the fishes, the original impulse. According to the 
amphibians, reptiles, and birds; and extent and complexity of these molecu- 
the second part will be devoted to the lar motions is t]le intensity and qnality 
mammals, which will be discussed lnore of the noise. The size of the waves 
in detail. Prof. 
farsh has kindly pre- varies with the pitch of the sound; the 
pared for us a geological section of the first A of the bass in a piano producing 
earth's crust, revised so as to iIlustrnte air-waves about forty feet in length, 
the present aspect of the subject of the wllile the waves of the last A of the 
introduction and succession of verte- treble are not quite four inches long. 
brate life on this continent, and which But these sound-waves are far more 
the reader will find valuable for refer- complex than at first seems, so that 
en-ce in studying the address. the motion of the air-particles involves 
something else than a mere backward- 
and-forward movement. A stretched 
string, vibrating its whole length, gives 
its fundamental tone, but while it thus 
swings as a whole, its different parts 
are thrown into separate and quicker 
vibrations, which are executed in har- 
monic ratio-2, 3,4,5,6, 7, or 8 times- 
during the vibration of the whole string. 
These over-vibrations produce what are 
caned overtones, which are, so to speak, 
drowned in the fundamental note, but 
which, nevertheless, serve to give it a 
peculiar character. It is tlms that 
sounds from all sources acquire distin- 
guishing marks, by which they are iden- 
tified. It is hy the effects of these frins, 
or fringes, of the larger waves, that dif- 
ferent nlusical instruments, find differ- 
ent human voices, fire distinguished 
from each other. The infinite varieties 
of sound are thus due to the subtile ca- 
pacity of complex motion possessed by 
the air-particles. They always n10ve 
exactly in the same way in the produc- 
tion of the sanle effects, and differently 
in yielding different effects. If we could 
see the dance of the air-partic1es when 


SO..1fE TEACHINGS OF THE TELE- 
PHONE. 
WE commend to those who persist in 
ventilating the ancient prejudice against 
the material medium of which all things 
around us are constituted, as "dead 
matter," "gross matter," "brute mat- 
ter," etc., a little meditation on. the 
remarkable powers manifested by the 
telephone. 
In another part of the MONTHLY 
win be found an excellent explanation 
of the mechanism anù mode of work- 
ing of this remarkaùle contrivance. 
But, to appreciate its deeper meaning, 
we must recall some of the characteris- 
tics of sound anù the conditions of the 
production of voice. The brain, the 
spinal centres, the nerves, and the mus- 
cles, ha,re all to be coördinated in that 
expulsion of air through the apparatus 
of speech which results in the utterance 
of words. The vocal cords are thrown 
into vibration by t.he air-current which 
sets up wave-motions that arc trans- 
mitted in all directions. To appreciate 
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music is executed, it would be a picture grasp, there is a perfection of sensitive 
of mathematieal exactness, and infinite capacity in the metal, with which the 
complication, that has no analogy in organic instrument cannot compare. 
anything we observe. It has always 'f e speak of the proverbial" quickness 
been regarded as one of the mysterious of thought," but the telephone thinks 
nlÍracles of vital structure how the lit- quicker than the nervous mechanism. 
tIe membranous drum of the human Let a word be pronounced for a per- 
èar can take up so perfectly this rapid son to repeat, and the telephone will 
stream of intricate motions in the air, hear and speak it a hundred mil
s 
which are all so exactly reproduced by away in a tenth part of the time 
the layer of adjacent particles striking that the listener would need to utter it. 
upon the nlembrane, that thousands of Give a man a series of half a q.ozen 
tympanums will be all affected precisely notes to repeat, and he cannot do it 
alike, while the nerves transmit the accurately to save his life; but the 
thril1s to the brain, awakening the same iron plate takes them up, transmits 
musical sensations and sentiments in the them to another plate hundreds of 
consciousness of as many people as can miles off, which sings them forth iu- 
be brought within heaTing. This chain stantaneously with absolute precision. 
of effects is wonderful, indeed; bnt we The human machine can hear, and re- 
are now confronted with tl}e fact, more produce, in its poor way, only a single 
impressi vely than ever, that it is no series of notes, while the iron ear of 
prerogathte of the living organism to the telephone will take up whole chords 
respond to these subtile and exquisite and trains of music, and, sending them 
changes in the air; the inert, dead by lightning through the wire, its iron 
matter of which we hear so much- tongue will emit them in perfect rela- 
luere cold iron-will do exactly the tions of harmony. The correlations and 
same thing. transformations of impulse are besides 
'Vhen we begin to use a telephone much more extended in the telephone 
for the first time, there is :1 sense of than in the living structure. The voli- 
oddity, almost of foolishness, in the ex- tional mandate from the brain incites 
periment. The dignity of talking con- nervous discharges, expended in pro- 
sists in baving a listener, anù there ducing muscular contractions that im- 
seems a kind of absurdity in addressing I pel the air across the vibrating cords, 
a piece of iron, but we must raise our' where it is thrown into waves. But 
respect for the metal, for it is anything in the case of the telephone, the air- 
but deaf. The diaphragm of the tele- waves are spent in producing mechani- 
phone, the thin iron plate, is as sensi- ca] vibrations of the metal; the secre- 
tive as the living tympanum to all the ate magnetic disturbances, which ex- 
delicate refinmnents of sound. 
 or cite electrical action in the wire, and 
does it depend upon the thinness of this again gives rise to magnetic changes 
the metaUic sheet, for a piece of thick that are still further converted into the 
boiler-plate will take up and transmit tremors of the distant diaphr3gm, and 
the motions of the air-particles in all these finally reappear as new trains ot 
the grades of their subti1ty. And not air-waves that affect the listener, wl}i1e 
only will it do the same thing as the the whole intermediate series of changes 
tympanum, but it win do vastly more: is executed in a fraction of the time that 
the gros
, dead metal proves, in fact, to is required by tIle nervous combinations 
be a hundred times more alive than of speech. And not only does the tele- 
the living mechanism of speech and au- phone beat the living machine out of 
dition. This is no exaggeration. In sight in speed, accuracy, compass of 
quickness, in accuracy, and even in results, and multiplicity of dynamical 
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cIlanges, but it distances it also in the tained, the forms it lias assumed, and 
simplification of its resources. The the changes it has undergone, and from 
same bit of dead metal serves equally this point of view it of course invohes 
for both ear and tongue; the offices of the principle of evolution. 'Ve cannot 
the diaphragm are interchangeable, anù . go into so large a discussion here, but 
the machine works backward and for- as this is an aspect of the subject not 
ward with exactly the SaDIe facility. D1uch dwelt upon, a few suggestions 
The lesson here taught is, that we regarding it may not be inappropriate. 
are to elevate our conceptions of the In the first place, it is necessary to 
powers of matter. Science is making rise above that narrowness of view 
constantly fresh revelations of its poten- which regards the doctrine of hen as 
cies and capacities, and we are probably especiaIIy a Christian doctrine, or as 
still only upon the threshold of this the monopoly of any particular religion. 
world of wonders. On the contrary, it is as ancient :llld 
universal as the systems of re1igious 
faith that have overspread the world. 
The oldest religions of which we haye 
any knowledge-Hindoo, Egyptian, and 
the various Oriental systems of wor- 
ship-aIl affirm the doctrine of a future 
life, with accompanying hells for the 
torture of condemned souls. 'Ve cer- 
tainly cannot assume that all these sys- 
tems are true, and of divine origin; but 
if not, then the question forces itself 
upon us, how they came by this belief. 
The old, historic religious systems in- 
yolved advanced and complicated creeds 
anll rituals, and if they were not real 
divine revelations in tIlis elaborated 
shape, we are compelled to regard thenl 
as having had a natural development 
out of lower and cruder forms of super- 
stition. To explain these religions-as 
to explain the earliest political institu- 
tions-we must go behind them. There 
is a prehistoric, rudiInen tary theology 
of the primitive man, the quality of 
which has to be deduced from his low, 
infantine condition of mind, interpreted 
by what we observe among the inferior 
types of mankind at the present time. 
It is certain that early men, in pro- 
found ignorance of the surrounding 
world and of their own natures, mu..t 
have grossly misinterpreted outward 
appearances and their internal experi- 
ences, and analysis of the conditions 
has abundantly shown how the
e prim- 
itive misunderstanùings led inevitably 
to nlanifold superstitions. IIerbert 


CONCER...\7...VG TIlE BELIEF LV HELL. 


A LIVELY discussion has recently 
been carried on by the pulpit and the 
press as to whether there is a future 
state of eternal torment. Two or three 
eminent orthodox clergymen spoke out 
in rather strong denunciation of the 
idea, and this was followed by an epi- 
demic of controversy. Certain people 
seem to bave been perplexed as to what 
is meant by so free a handling of a sol- 
emn old subject. "T e think it simply 
means that people have been thinking 
about it until expression is a relief, and 
that many have reached conclusions 
that they are glad to have a chance of 
ventilating. There has been, th
lnks to 
the influence of science, a pretty rapid 
liberalizing of theological opinion dur- 
ing the past generation; and this dis- 
cussion about hell is an instructive in- 
dication of the advance that has been 
made. 
The question of the existence of a 
veritable hen is, of course, a theological 
one, which we cheerfully leave to those 
interested, but the topic has also a sci- 
entific sÏùe. The rise and course of the 
idea, or what may be called the natural 
history of the belief in hen, is a suhject 
quite within the spJlCre of scientific in- 
quiry. It is legitimate to ask as to how 
the notion originated, as to its antiquity, 
the extent to which it has been enter- 
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Spencer, in his " Principles of Sociolo- 
gy," recently published, has carefully 
traced out this working of the primi- 
tive mind, anù explained how the early 
men, by their crude misconceptions ot 
natural things, were graduaI1y led to 
the belief in a ghost-realm of being ap- 
pended to the existing order. The idea 
of a life after death, AO universally en- 
tertained among races of the lowest 
grades of intel1igence, is accounted for, 
and is only to be accounted for, in this 
way. Through experiences of sleep, 
dreams, and loss and return of con- 
sciousness at irregular times as in 
swoon, catalepsy, trance, and various 
forms of insensibility, there grew up 
the idea of a double nature-of a part 
that goes a way leaving the body lifeless, 
and returns again to revivify it; and 
thus originated the theory of immate- 
rial ghosts and spirits. At death the 
ghost departed, but not to return and 
reanimate the body in the usual way; 
it went to inhabit another place. Thus 
arose the conception of a separate and 
future life, which, at first, could not 
have b.een supposed to differ nluch from 
that of the present order of things. No 
doubt what is said of the Fijians, that 
after death "they plant, live in fami- 
lies, fight, and, in short, do much as 
people in this world," represents the 
common beginnings of belief upon this 
subject. Yet the hope of better things 
could not fail to come soon into play, 
as indicated by the belief of the Creeks, 
that after death they go where "gmne 
is plenty, and goods very cheap; where 
corn grows all the year rounù, and the 
springs of pure water are never dried 
up." V on Tschudi tells us that in Peru 
"a small bag with cocoa, maize, qui- 
nua, etc., is laid beside the dead that 
they might have wherewithal to sow 
the fields in the other world." The 
condition of the future life, where the 
ghosts go to dwell, is believ"ed to be so 
similar to that which they have left 
that it is almost universal among sav- 
ages to bury food, weapons, implements, 


ornaments, clothing, and whatever they 
may be 1ikely to want, with the bodies 
of their dead friends. Even dogs and 
cattle are slain, ::md women and ser- 
vants immolated, that they nlay accom- 
pany and minister to the departed. 
En t this bald conception of a future 
life, as a kind of literal continuance of 
present materialities, could not last. 
As know ledge accumulated the concep- 
tion grew incongruous, and underwent 
important modifications, so that simi- 
larity gradually passed into cont'rast. 
The intimacy of the intercourse sup- 
posed to be carried on between the two 
worlds decreased; the future world 
was conceived of as more remote, and 
as having other occupations anù gratifi- 
cations more consonant with develop- 
ing ideas of the present life. Rude 
conceptions regarding good and evil 
could not fail to be early involved with 
considerations of man's futurity. Good 
and evil are inextricably mixed up in 
this world, which seems always to have 
been regarded as a faulty arrangement, 
and, as there was little hope of rectifying 
it here, the fllture life came to be re- 
garded as compensatory to the present. 
But the problem was solved, not by the 
absorption and disappearance of eyil, 
but by supposing good and bad to be 
mechanica1Jy separated; and, as good 
and had means good people and bad 
people, the belief arose that in the fu- 
ture world they would be divided off, 
the good being all collected in a good 
place, and the bad ones all turned into 
a bad place. , 
This idea of using the next world to 
redress the imperfections and wrongs 
. of this grew up early and survives still, 
and it has exerted a prodigious influence 
in human affairs. As the grosser su- 
perstitions were gradually developed in- 
to systematic religions, a priestly class 
arose, and religious beliefs were em- 
bodied in definite creeds. Fundamental 
among these was the belief in heaven 
as a place of happiness, and of hell as a 
place of penal torment for tbe wicked. 
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To one or other of these places, it was 
held, all men are bound to go after 
death; but to which depended - and 
here the office of the priesthood assumed 
a terrible importance, for they knew 
all about it, and had the keys. It is 
impossible to conceive any other idea 
of such tremendous power for domi- 
nating mankind as this! It raised the 
priesthood and ecclesiastical institutions 
into despotic ascendency, brought it 
into unholy alliance with civil despot- 
isms, and became the mighty means of 
plundering the people, crushing out 
their liberties, darkening their hop
s, 
and cursing their lives. So productive 
an agency of unscrupulous ambition 
could not fail to be assiduously culti- 
vated, and the cQnception of hell, the 
most potent element in the case by its 
appeal to fear, was elaborated with the 
utmost ingenuity. Language was ex- 
hausted in depicting the terrors of the 
infernal regions and the agonies of the 
damned. We by no means say that 
these ideas were mere priestly inven- 
tions, but only that they grew up under 
the powerful guidance of a class conse- 
crated to their exposition, and incited 
by the most powerful worldly motives 
to strengthen their influence. In order 
to enforce belief, to compel obedience 
to ecclesiastical requirements, to coerce 
civil submission, and to extort money, 
people were threatened with the hor- 
rors of hen, which were pictured with 
all the vividness of rhetorical and po- 
etic fanaticism. As the hierarchical 
spirit grew in strength, and became a 
tyrannical rule, obedience to its mi- 
nutest rites was enforced by the most ap- 
palling intimidations. To neglect some 
trivial ceremony was sufficient to incur 
damnation. Alger says, in his "His- 
tory of the Doctrine of a Future Life:" 
"The Brahmanic priest teUs of a mnn 
who, for neglecting to meditate on the 
mystic monosynabl
 Om before praying, 
was thrown down into hell, on an iron 
floor, and cleaved with an axe, then 
stirred in a caldron of molten lead till 
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covered all over with the sweated foam 
of torture, like a grain of rice in an 
oven, and then fastened, with head 
downward and feet upward, to a chariut 
of fire, and urged onwarù with a red- 
hot goad." 
In noticing the causes of tIJe extent, 
influence, and perpetuity of this sombre 
belief, we must not forget that the fu- 
ture life, being beyond experience and 
inaccessible to reason, offers an attrac- 
tive play-ground for the unbridled im- 
agination. It opens an infinite realn1 for 
sensuous imagery and creative inven- 
tion, stirs the deepest feelings, and con- 
cerns itself with the mystery of human 
destiny. It accordingly offers a favorite 
topic for poetic treatment, and this is 
more especially true of the darker as- 
pects of the future W orId, poets baving 
ever taken with avidity to delineations 
of hell. From Hesiod to Pollok, pa- 
gans and Christians have vied with each 
other in their poetical representations 
of the tortures and terrors of the infer- 
nal state. The mythological form of 
the doctrine figures largely in the great 
epics of Greece and Rome; the Italian 
" Inferno" pictures the Christian hen 
with terrible intensity, and the grand 
poem of the English language, "Para- 
dise Lost," has bell at the root of its 
plot, and hell's master for its hero. 
Homer, Virgil, Dante, and Milton, work- 
ing through poems of immortal genius 
that have fascinated mankind, some of 
tIJem through thousands of years, anù 
others through centuries, have thus 
com bined to familiarize countless mill- 
ions of people with the conception, and 
to stamp it deep in the literature of an 
countries. 
Yet the doctrine of hell is now grow- 
ing obsolete. Originating in ages of 
savagery and low barbarism, and de- 
veloped in periods of fierce intoler- 
ance, sanguinary persecutions, cruel 
civil codes, and vindictive punishments, 
it harmonized with the severities und 
violence of society, and undoubtedly 
had llse as a means of the harsh dis- 
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cip1ine of men when they were moved 
only by the lowest motives. But, with 
the advance of knowledge, and the cul- 
tivation of the human
r sentiments, the 
doctrine has become anomalous and out 
of harmony with the advance of human 
nature. Hence, though still a cardinal 
tenet of orthodoxy, it is now general- 
ly entertained in a vague and loose 
way, and with reservations and protests 
that virtually destroy it. Only revÍ\Tal 
preachers of the :Moody type still affirm 
the literal" lake of fire and brimstone," 
and it is certain that the doctrine in any 
shape recurs much less prominently in 
current preaching than it did a genera- 
tion or two ago. Sober-minded clergy- 
men have got in the way of neglecting 
it, except now and then when rehearsing 
the creed, or, as at present, under the 
spur of controversy, or when ral1ied 
about the decay of the old theology. 
The hell of Jonathan Edwards is gone. 
That. sturdy theologian wrote: "The 
world will probably be converted into 
a great lake, or liquid globe of fire-a 
vast ocean of fire in which the wicked 
shall be overwhelmed, which win al- 
ways be in tempest, in which they shall 
l)e tossed to and fro, having no rest day 
ùr night, vast waves or LiBows of fire 
continnal1y rol1ing over their heads, of 
which they shall for eyer be full of a 
quick sense within and without: their 
11eads, tlJeir eyes, their tongues, their 
feet, their loins, and their vitals, shall 
forever be full of a glowing, melting 
fire fierce enough to melt the very rocks 
and elements; and also they shall eter- 
nally be full of the most quick and live- 
ly sense to feel the torments; not for 
one minute, nor for one day, nor for 
one age, nor for two ages, nor for a 
hundred ages, nor for ten thousands of 
n1Ïllions of ages, one after another, but 
for ever and ever without any end at 
all, and never, never be delivered." 1 
This is sufficiently explicit, but no 
man of the rank of its author talks in 
Buch a strain nowadays. In the cur- 
l Edwards's Works, vol. viii., p. 166. 


rent pulpit utterance there is a perfect 
chaos of discordant speculation, open 
repuùiation, tacit ùisavowal, anù ingen- 
ious refining away, but no stern and 
sturdy defense of it, in the old form and 
spirit, from any source that commands 
respect. The doctrine of hell is still 
conserved in popular creeds, but, if not 
eliminated, it will be pretty certain to 
carry the creeds with it into the limùo 
of abandoned superstitions. 
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PESSnnS}[: A HISTORY AND A CRITICIS}f. 
By JA}[ES SGLLY, M. A. London: C. 
Keegan Paul &, Co., 1877. Pp. 470. 

IR. SULLY, who is already wen known 
for his investigations of æsthetic feeling 
from the psychological point of view, here 
undertakes to give us an account of the 
modern pessimistic philosophy which has 
spread so widely of late years in Germany, 
and also thoroughly to criticise its basis, its 
procedure, and its results. He begins with 
an analysis of the two antithetical frames 
of thought among the un philosophic public 
which he aptly designates as U unreasoned 
optimism and pessimism." By the first of 
these terms :Yr. Sully understands that joy- 
ous and vigorous view of life which belongs 
to moments of exaltation, or to the consti- 
tutionally happy; by the opposite expres- 
sion he means the gloomy standpoint which 
we all naturally assume in periods of grief 
or depression. Passing on from these primi- 
tive and unsystematic beliefs, each the tran- 
sitory expression of a fleeting emotional 
tone, our author traces tbe growth of a more 
deliberately pessimistic creed through tbe 
Jiterature of Hebrew and classical antiqui- 
ty, the middle ages, aud the modern world. 
N ext, he attacks the various forms of " rea- 
soned optimism and pessimism," the con- 
scious attempts to appraise the worth of 
the universe as absolutely good or bad. The 
origin of evil is shown to be the main prob- 
lem which the optimistic Israelitish religion 
set itself to solve; while the pessimi
tic ten- 
dencies of Ar}'an thought in India, reaching 
its furthest development in Buddhism, are 
well pointed out. Through Greece and Rome, 
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Mr. Sully proceeds to the optimistic philoso- 
phers of the last century, who endeavored, 
by metaphysical subtilty, to argue the ex- 
istence of evil out of the universe. Of this 
school, Leibnitz, ::;haftesbury, and Pope, 
may be taken as the leaders. The French 
édairci
ement brought a new idea to the 
front, that of human perfectibility, personi- 
fied in Condorcet and Godwin. It was hoped 
that, after all
 evil might not be inherent in 
the nature of things, but might prove a mere 
excrescence, due to the social errors of man- 
kind. TUs creed found its most eloquent 
exponent in the poet Shelley; and, extrava- 
gant as were its first enthusiastic develop- 
ments, 
Ir. Sully justly traces to its influence 
the modern belief in progress as an actual 
fact, present and prospective. In the so- 
cial amelioration promised by the apostles 
of evolution, and especially by 
Ir. Herbert 
Spencer, our author rightly sees" the one 
vital type of optimism in our age." The 
kernel of the work is reached when we come 
to the survey of Schopenhauer's philosophy, 
and the account of his disciple, Hartmann, 
whose s)'stem is very fullyanalJzed. Their 
deliberate conviction, arrived at by an osten- 
tatiously logical and stringent method, con- 
sists in the belief that" life is a uselessly 
interrupting episode in the blissful repose 
of the non-exi
tent." 'Vith the careful 
exposition of their teaching, the historical 
portion of :Mr. Sully's volume closes. The 
larger and critical division consists of a sys- 
tematic dialectic against the whole argu- 
ment of German pessimism, as represented 
by these its greatest lights. Into this part 
of his work, which is lengthy, and closely 
reasoned, we can only briefly follow him. 
Mr. Sully begins by clearly setting forth the 
problem in dispute. He then attacks the 
superstructure of Hartmann from its meta- 
physical basis, "hich he shows to be ver- 
bal, illusor)T, and self-contradictory. Its 
scientific basis is next examined from the 
physical and the psychological standpoints; 
and from both it is found to be wanting. 
Finally, the author sums up his own view in 
three somewhat lengthy chapters, wl1ich ex- 
hibit him as holding a middle course between 
the two extremes. ""-hile he rejects the 
untenable theory of the absolute optimists, 
he cannot agree that any 
roundwork for 
pessimism as a reasoned principle exists in 
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the facts under consideratio-:l. His own 
platform is summed up in the single expres- 
sion mcliorism, suggested to him by George 
Eliot. In this creed he finds an incitement 
to practical effort which falls in with the 
natural longings of humanity and the teach- 
ings of moùern evolutionism, but which is 
wanting eitber to the satisfied theological 
optimist or to the blankly-despondent Ger- 
man pessimist. In the hopes of our com- 
mon humanity we have a refuge alike from 
the selfish acquiescence of the pietist and 
the petty troubles of individual exh;tence. 
As a whole, the work exbibits all 
Ir. 
Sully's characteristics in tbeir fullcst form. 
It is rather long-winded, a trifle dull, and 
somewhat apt to stray from the plain patlls 
of common-sense into the hazy realm of 
metaphysics and casuistical subtilty. But, 
on the other band, it is full of varied and 
accurate learning, judicial impartiality, and 
studied moderation. Great pains have been 
taken to bring it up to date in every respect, 
some works being actually noticeù or quoted 
whicb must have appeared while the volume 
was passing through the press. 
\.nd as an 
exhaustive aCCOUIJt of all that has been writ- 
ten or thought upon its subject at all peri- 
ods, ancient or modern, it may be thoroughly 
recommended alike to tbe pSJchological stu- 
dent and to the general reader. 


THE ANCIENT LIFE-HISTORY OF THE EARTH. 
A Comprehensive Outline of the Princi- 
plcs and Leading Facts of Palæontologi- 
cal Science. By n. ALLEYNE N IcnoL- 
SON, M. D., D. Sc., Professor of Natural 
History in the University of St. Andrew's. 
D. Appleton & Co. PD. 407. Price, 82.00. 
THE subject of this book is one of grow- 
ing scientific interest. Only within the 
present century has it been revealed that 
the earth has been ladcn with life for untold 
ages, until its crust has become a vast tomb, 
and even thick and extensive roek-
trata 
are made up of the skeletons of creatures 
of extreme minuteness. Th.e present life 
of the 
lobe is but the last term in an al- 
most infinite series of generations, that have 
so varied in form and character, as we go 
back in time, that they scrve to mark off 
the geological epochs. 
A group of absorbing questions now 
clust('rs around this great fact of the ancient 
life-historJ of the eartb, and there is much 
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concern among multitudes of thoughtful 
people to acquire so.me clear aud correct 
ideas upon the subject. Fierce controver- 
sics have sprung up in relation to it, which 
are liable so to vitiate the statements of con- 
flicting parties, that many are at a loss to 
know what l'eprcsentations they can trust, 
and how to get at the unquestioned facts. 
To all person::; in this state of mind, Dr, 
Kicholson's work will be especially welcome, 
as it is a clear, succinct, and dispassionate 
account of the present state of palæonto- 
logical knowledge, or of its descriptive parts 
independent of the contested theories to 
which it has given rise, His book is, more- 
over, compendious in form, and moderate 
in cost, to a degree that is quite unusual in 
a work so profusely and elegantly illustrated. 
Its preparation has involved great and care- 
fullabor, and the artist
 have done it excel- 
lent just!ce in the skill and fidelity of their 
pictorial representations. 'Ve know of no 
other volume that will so well meet the 
wants of a large class of readers at the 
present time. An excelJent feature of the 
book is its cop ions bibliography or litera- 
ture of reference appenùed to the leading 
chapter
. In the appendix there is a tabular 
view of the chief divi:;;ions of the animal 
kingdom, followed by an ample glossary of 
technical terms, and a very full index. 


.AN A1fERIC'AS' GIRL. AND HER Form YEARS IS' 
A Boys' COT.LEGE. By BOLA. 
ew York: 
D. ..Appleton & Co. Pp. 269. Price, 
81.50. 
TIlTS book records the experiences of a 
young lady who got a craze to go to college, 
and when a certain collegiate institu tion 
took off the embargo upon feminine oppor- 
tunity, and admitted girls to the regular 
course of study, she argued her mother into 
consent, and entered the establishment. She 
has adventures, mishaps, exploits, and a 
lively time generally, both in door:3 and out. 
The book is written with considerable spirit, 
and conveys a very good idea of college- 
life, in its feminine aspect. The writer is 
somewhat critical of many things, but be- 
lieves profoundly in women going to men's 
colleges. In the sequel, she gets married to 
one of the students, the circumstances of 
love-making, while in college, béng duly 
presented; bl1 t what possible or conceiv- 
able bearing the course of study pursued 


had upon the prospective life of the woman, 
who passed from the valedictory platform 
to the hymeneal altaI', appeareth not in this 
book of " An American Girl." 


MO
EY. By FRANCIS A. 'V ALKER. New 
Y ol'k: Henry 1I0lt & Co. Pp. 550. 
PI'ice, $4. 
IT is no disparagement. to a book of this 
kind to state that it covel's no new ground: 
efforts after' originality in the treatment of 
subjects of this class are selùom successful 
or profitable. It is high, but in this case 
well-deserved, praise to be able to say that 
it is impartial in its statements, judicial in 
its conclusions, and full, clear, and exact, in 
its' explanations - the presentation, as a 
whole, of the much-vexed question of money 
being popular and comprehensible. 
The book will be a valuable one, be- 
cause, among other reasons, the author has 
allowed himself space in which to classify 
his subject fully, and to elaborate details in 
a way to bring out likenesses anù differences 
that the casual reader is likely to overlook. 
There are three general divisions: Part 
I., "}letallic 
IOll(>y," unùer which head the 
function and distribution of money, the pro- 
duction of the precious metal;;:, their coin- 
age and circulation, are considered. Chapters 
XlI, "The Concurrent Circulation of Two 
Metals," and XIII., "The Battle of the Stand- 
ards," are of great present interest. They 
constitute a full and exceedingly fair pres- 
entation of the opposed views of the bi-met- 
alists and the mono-metalists. The author 
emphasizes the fact, often lost sight of, that 
the question is one into which political con- 
siderations enter so largely, that it will be dif- 
ficult, if not impossible, to settle it on strict- 
ly economic principles. Indeed, thl'Oughout 
the book the important influence of legisla- 
tion, habit, sentiment, and other the Hke 
factors, upon economic affilirs is more fully 
recognized than is usual in such treatises. 
Part II. is devoted to " Inconvertible Paper- 
)Ioney." Its theory is stated and historically 
illustrated. The chief danger of its use is 
seldom better stated than in the following 
paragraph: "The danger of over-issue is 
one which never ceases to threaten an incon- 
vertible paper-money. The path winds even 
along the verge of a precipice. Vigilance 
must never be relaxed. The prudence and 
self-restraint of years count for nothing, or 
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count for but little, again:::t any new onset 
of popular passion, or in the face of a sud- 
den exigency of the Government. From 
this danger a people receiving into circula- 
tion an inconvertible paper-money can never 
escape. A single weak or reckless adminis- 
tration, one day of commercial panic, a mere 
rumor of invasion, may hurl trade and pro- 
duction down the abyss." 
This and Part IlL, on "Convertible 
Paper-Money," are able discussions, and 
timely, for we fear they are over-sanguine 
who think that the day of our danger from 
paper inflation is past. . 

Ir. 'Valker discards altogether the word 
currency, for reasons which he gives fully, 
and which are not without force. lIe also 
substitutes the term" common denominator 
of exchange" for "measure of value," in 
defining one of the functions of money-ä 
change which we indOl'se without reserva- 
tion. There is a copious index, and the 
book is in all respects well gotten up. 


:YOXEY AND LEGAL TEXDER IN THE UNITED 
STATES. By H. R. LINDER}IAN, Director 
of the Mint. New York: G. P. Put- 
nam's Sons. Pp. 173. Price, $1.
5. 
THERE is given to the public in this little 
book a brief but comprehensive history of 
American coinagp, by a man thoroughly 
conversant with his subject, and competent 
to point out clearly the lessons to be drawn 
from our experience. 
The various laws regulating the coinage 
and the workings of the mint are given. 
The terms used in treating of bullion, coin- 
age, and money, are defined. A short chap- 
ter states what constitutes a legal tendE-r. 
Accounts are given of the paper-currency 
since 1863, of fral'tional notes, coin-certifi- 
cates, funding operations, etc. 
Beginning with page 100 is a discussion 
of the proposition to rcmol1,ftize silver. It 
is a straightforward, common-sense state- 
ment of the question, Etripped of illusions 
and technicalities, that we should be glad 
to see widely circulated. 
In the appendix are conveniently tabu- 
lated useful stati5tics concerning the produc- 
tion 
f silver, its use, movements, and prices, 
the ratio between it and gold, the coinage of 
the United States mints, etc. 
It would be hard to find a book better 
adapted to clear away the fogs, which just 


now beset the suhject of currencies and 
standards, than this volume of Dr. Linder. 
man's, if the public could only be induced 
to read it. 


AN EpITmlE OF TIlE rO
lTn'E PHILOSOPHY 
AXD RELIGIOK EXPLANATORY OF TIlE So- 
CIETY OF HC:MANITY IR THE CITY OF XEW 
Y ORl\:, TOGETHER WITH THE COXSTITCTION 
AND REGULATIOXS OF THAT SOCIETY; TO 
WHICH IS ADDED AN IMPORTANT LETTER 
OF HARRIET MARTINEAU IS REGARD TO 
HER RELIGIOCS COXYICTIOXS. Second 
edition. Pp. 59. PubliFhed by the So- 
ciety of Humanity, 141 Eighth Street, 
New York. 
THIS pamphlet will interest many as an 
exposition, in brief, of the religious basis of 
positivism. A society has been formed in 
New York devoted to these ideas, and this 
is its platform or confession of faith, various 
points of which are elucidated, and numer- 
ous authorities quoted, who have expre
sed 
sentiments in sympathy with the ideas here 
presented. It is an earnest and well-written 
document, evidently by a thorough-going 
adherent of the sJstem, and is by no means 
strictly confined to the considerations of 
religious questions. It contains Borne new 
schemes or charts, presenting classifications 
and methodical arrangements of scientific 
and philosophical ideas that are filled out 
with a symmetrical completeness which 
seems to leave no room for improvement. 
The blank squares are all filled up so that 
the system looks finished, and there seems 
to be a perfect correspondence between the 
geometrical spacings of dlC map and the 
divisions of human knowledge. These tab- 
ular arrangements are, however, undoubt- 
edly not designed to be final, but to be open 
to future revision, and they are of a very 
suggestive nature. Into the theological ques- 
tions raised by this lXj'ocltU'l'c we cannot now 
enter, but may note the manifest humility of 
the new sect, as there is not a name to be 
found of anybody connected with it, or of 
the authorship or publication of the mani- 
festo, or of any human personality, repre- 
sentative of the "society." This is some- 
what remarkable, as the propagandists of 
the new faith of Positivism are somewhat 
notorious for their free handling of person- 
alities with whom they differ; and it seems 
still more surprisin
 when we remember 
that the religious polity of positivism is so 
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full of the apotheosis of individuals, and bas 
such a copious calendar of saints, and makes 
men the objects of its worship. 


GERRIT R
HTn: A BIOGRAPHY. By ÛCTA- 
H{)S BROOKS FROTHISGHA
[. X ew York: 
G. P. Putnam's Sons. Pp. 381. 
'YuETßER this work is to be regarded as 
a success will depend upon tbe ideal formed 
of what a true biography ought to be. If 
we accept the BosweUian standard, which 
makes biographical excellence to consist in 
the copiousness of gossip, trivial particulars, 
ltnd idle tattle about its subject, Mr. Froth. 
ingham's volume must be pronounced a 
failure. Such details are usually not only 
worthless, if true, but, originating in a spirit 
of adulation, tbey are generally so partial 
and false as to be of little use for any se- 
rious purpose. Moreover, the cast of mind 
that can produce such books is pretty cer- 
tain to be wanting in the insight, the ana- 
lytic capacity, and the critical judgment, ne- 
cessary to form a true estimate of character. 
)11'. Frothingham's book has not becn 
made on this model. Though strictly a 
biography, that is, the description of a life, 
and though freely de1ineating those circum- 
stances, incidents, peculiarities, saYlng
, and 
habitual actions, "hich mark and define the 
personality he is dealing with, yet aU such 
details are made subordinate to the purpose 
of so unfolding and representing the nature 
of the man that readers may form thcir own 
judgment respecting- his greatness. Thus 
regarded, the book is able, eminently suc- 
cessful, and worthy of its subject. .Gerrit 
Smith was a most admirable man, a noble- 
hearted philanthropist, who put his great 
fortune at the service of society, and devoted 
his life to the skillful management of his 
immense wealth, that he might dispense it 
for beneficent end!>!. He was a radical and 
thorough-going reformer, taking deep in- 
terest in all projects of moral amelioration, 
such as peace, temperance, antislavery, and 
other philanthropic schemes, for which he 
worked with vigor, and which he aided lib- 
erally with his means. He was also from 
youth an uncompromising democrat, living 
plainly, carrying out his theories of practi- 
cal equality, and never betrayed into the 
aristocratic ostentation which he miCTht 
t' 
have indulged on an imposing scale. The 


radicalism of his nature, moreover, asserted 
itself strongly in his religious experience. 
Beginning as a devoted Christian of the or- 
thodox stamp, he held steadily to the prac- 
tical observances of a pious life, but gradu- 
ally freed himself from the tramm
ls of the- 
ology, and, at length, emerged as a liberal 
Christian of the extremest sort. Christian- 
ity was with bim a purely practical affair, a 
carr,ying out of the principles of human 
brotherhood, and the extending of sympa- 
thy and help to all who needed them. Doc- 
trinal matters were therefore held licrhtJ y 
b , 
and he told somebody late in life that he 
had not yet made up his mind whether lIe 
had a soul or not. In a variety of respects 
his character and position were unique, and 
his career altogether forms a study of spe- 
cial interest to those concerned with the 
philosophy of charities and benevolence. 


TRA!\SCE
DESTALIS
f, WITH PRFLUDES O!\ C'rR- 
nE
T E'"EXTS. By JOSEPH COOK. J. H. 
Osgood & Co. Pp.30:>. Price, $1.50. 
THIS book emanates from the 
ame mind 
that wrote the" Biology," and is, probabl}", 
of similar quality. 08good well knows the 
length of his customers' ears, and puts in 
the" applause" all the same. 


PLBLICATIOXS RECEIVED. 
Cerebral Hyperæmia. Bv W. A. Hammor.ò. 
M.D. New York: Putnam.s.Sonl:'l. Pp.l08. $1. 
The .Nabob. By A. Dandet. Boston: Estcs 
& Lauflat. pp. 456. $1.50. 

 Foundations. By J. Gaudarð. New York: 
"' an 
ostrand. Pp. 104. 50 centE!. . 
N Democracy)n El!!Oj)P. By 
ir T. E. May. 
ew York: \\. J. "lddlcton. 2 voIs. pp. 495 
and 568. $5. ' 
Comparative PEycholo
. Bv .T. BaFC(\m. 
New York: Putnam's Sons. Pp:2
6. $1.50. 
Stßte Re
ulation of 'Vice. By A. M. Powell. 
New York: Wood & Holbrook. Pp.127. $1. 
.Tournal of the Academv of Natural Sciences 
o! Philadelphia. Yol. VliJ., Part III. (New Se- 
neE! ). 
Bu1ìetin of thf! Minnef;ota Þ. cndamv of Xßt- 
ur!ll Scif'nce
. :Minneapolis: Young' & Winn 
prmt. Pp. ]26. 50 cents. 
Annual Report of tbe Penn8dvanifl Training' 
School for Feeble-minded Childrcn. 'Vest Ches- 
ter, Pa.; Hickman print. Pp.35. 
Proceedingp. of the AElf;ocÏation of Mpdica] 
Officers of In
tftntionB for Idiot". Philadel- 
phia: LippinC'ott & ('0. pp. 35. 
The Y01Jng Scientist. Monthly. PI). 12. 50 
cents per yem'. 
ltIagaÛ11e Qf American HiRloM/. JantlRTV 
tAiA. N ew York: Barnes & Co. pp. 64. with 
8tepl-plate Portrait. 
Report of the New Jer8ey Commi!:!Eioners of 
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Fisheries. Trenton: Nanr, Day & Naar print. 
Pl'. 63. 
Report of Trustees of 'Vest Penns)'lvania In- 
stitution for Deaf and Dumb. l>it.t
burg: Ste- 
venson, Foster & Co. print. Pp.32. 
Is the Human Eye changin
 its Form? By 
Dr. E. G. Loring. New York: The Author. 
Pp. 25. 
Tiw Steppes of Southern Russia. By Th. 
Belt. Pp. 20. 
A New Type of Steam-Engine. By R. H. 
Thurston. From Journal of the Franklin Insti- 
tute. Philadelphia: Kildare print. Pp. 35. 
Medical Education in the United States. By 
N. S. Davis, M. D. 'Vashingtoll: Government 
Priming-Office. Pp. 60. 
Reports of Curators of Wesleyan University 
:Museum. 1\1 iddletown, Conn.: Pelton & Kiug 
print. Pp. 30. 
Pneumono-Dynamics. B,)' G. 1\1. Garland, 
M.D. New York: Hurd & Houghton. Pl'. 155. 
. BuIJetin of the American Geographical So- 
cIety , No.4. N ew York: The Society. Pp. 105. 
Public Health. By G. P. Conn, M. D. Con- 
cord, N. H.: Republican Press A8sociatiùn 
print. Pp. 17. 
Convergent Strabismus. By S. Theobald 
M. D. Baltimore: Foster print. Pp. 10. ' 
Pseudocye8is and Pregnancy. By J. 'Yo Un- 
derhill, M. U. New York: 'Vood & Co. Pp.18. 
Reports of Examinations of the New York 
Insurance and Banking Departments. New 
York: Green print. Pp.30. 
Dietetics of Infants. By T. :Moore It!. D. 
Philadelphia: Sherman & Co. print. Pp.14. 
Report of Director of I1arvard Collegf> Ob- 
8ervatory. By Prof. E. C. Pickerillg. Cam- 
brid
e: Wilson & Son print. Pp. 36. 
New Double Stars. By S. 'V. Burnham. 
From.' Kotices of Royal Astronomical Society." 
Pp.3. 
Album Lenves. By G. Houghton. Boston: 
Estes & Lau riat. Pp. 34. 35 cents. 
Notps on Matters of Physical A
tronomy. 
By L. TrouvE'Iot. From" Proceedings of the 
American Academy of Arts and Science8." 
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The Last of tbe Gases.-The last of 
the gases that had never been condensed 
to liquids-oxygen, hydrogen, and nitro- 
gen-have at length yielded to pertinacious 
experiment, and, under the joint influence 
of greater d('grees of cold and pressure than 
had ever before been emplo)-ed) have been 
reduced to the liquid form. Thi
 great ex- 
perimental exploit has been performed by 
two chemists independently, and almost 
simultaneously - Raoul Pictet, of Geneva, 
and M. L. Cailletet, of Paris, by different 
processes. Pictet condensed oxygen, which 
was first announced; but Cailletet had al- 
ready done it, and h(' also lifJuefied nitrogen, 
hydrogen, and the air. ,,- e give a repre- 
sentation of his apparatu
, and an account 
of his processes, and shall give fuller state- 
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ments of the results as they are more fully 
announced. 


Stanley's Trip down the Congo.-The 
exploration of the Congo River from Xy- 
angwe to the sea, by Henry M. Stanley, 
must be esteemed one of the most important 
achievements in the whole hi
tory of African 
discovery. He set out on November 5, 1876, 
from Kyangwe (latitude 4 0 20' south, longi- 
tude 26 0 40' east), at the head of a numer- 
ous band of native foUowers, marching north- 
ward by land forty miles, till he again came 
to the river-known here as the Ugarowa, 
or the Lualaba. Putting his men in canoes, 
and himself embarking on the portable 
Lady Alice, he commenced his long jour- 
ney of alternate boating and portaging 
which lasted for nine months. The party 
soon began to experience the hostility of 
the native tribes, who again and again at- 
tacked them from the banks of the stream 
or in canoes. On December 6th seventy-two 
of :Mr. Stanley's men were down with small. 
pox, which rendered defense all the more 
difficult; he seized a town, and there housed 
his sick and wounded, but for two days and 
nights he and his party had to repel the 
fierce attacks of the natives. Soon he was 
boating down the river again, his force on 
January 4th numbering 146 men. In lati- 
tude 0 0 32' 36" south is a series of cata- 
racts, and Stanley's men had to cut a road 
through the forest and drag their canoes 
round the falls, the natives constantly har- 
assing them in the mean time. Just be- 
low these cataracts the river widens enor- 
mously, receiving several considerable afflu- 
ents; its cou rse. too, becomes westerly, 
though still tending toward ihe north till 
it reaches latitude 1 0 40' north, longitude 
23 0 east, when it takes a southwesterly di- 
rection to the sea. One of the great tribu- 
taries of the Congo below the cataracts is 
the Aruwini, supposed to be the WeUe of 
Schweinfurth. Here, on Stanley's map, is 
the legend "The Cannibal Region," and a 
little to the south" The Region of Dwarfs." 
.At one place the expedition was attacked 
by the cannibals in fifty-four canoes with 
paddles eight feet long, spear-headed and 
pointed with iron blades. Stanley's breech- 
loaders soon forced the enemy to retreat in 
confusion. After reeeÏ"\"Ïng, in latitude 0 0 
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2,)' south, longitude ID" 40' east, the waters 
of a great river, Ikelembo, otherwise thc 
Ka:5ai, coming from the south, and a little 
below, another river from the north, the 
Congo flows southwcsterly in a mighty 
stream, till at the mouth of the K \\ an go it 
is compressed between two ranges of hills. 
The rapids commence 1
0 miles abo"Çe 
Yellala Falls, there Leing a sel'ies of sixty- 
two cataracts; these it took the party five 
months to pass. Mr. Stanley reached the 
coast on August 11th with the ragged and 
half-starved remnant of his followers, hav- 
ing followed the river for about 1,800 miles. 
They were received on Loal'd a British 
naval vessel, and the natives carried Lack 
to Zanzibar. Mr. Stanley himsclf has re- 
turned to England. 


German Uandicraft.-A correspondent of 
the .11Ianufadu1'er's Review, now visiting 
Germany, cites numerous facts confirming 
the criticisms passed by Prof. Reuleaux 
upon the quality of the work done by Ger- 
man artisans. Last winter, this writer oc- 
cupied a room richly furnished and deco- 
rated, but hardly a day passed without some 
accident happening. The ornaments were 
all glued on, and one day it was the cornice 
of a wardrobe, another the slat of the dress- 
ing-table, that fell off. Not a single lock in 
the bureau would hold a drawer closed. On 
a windy night a match was extinguished by 
a gust of air coming through the double 
u'indow,
. This case was typical. " 'Vhen- 
ever," sa)"s the author, "I had occasion to 
call in an artisan, the job was badl)- done, 
or delayed, or bungled. I never had a suit 
of clothes or a pair of boots that fitted." 
His experience extended o"Çer all Germany, 
both north and south, in small villages and 
towns up to 25,000 inhabitants, and it was 
everywhere the fiame. The best specimens 
of German manufacture are exported, as 
the home market requires cheap goods. 
!\' ow, as the author remarks, Germany is 
preëminently the land of technical educa- 
tion, and the question naturally arises, U Is 
this the fruit of the system, and is tbe sys- 
tem itself a failure?" Y arious answ('rs have 
teen given: "It has been pointed out that 
as domestic industry has no use for them, a 
large number of the skilled, technic'any edu- 
cated artisans and wOI'kmen emigrate to 


where their scrvices are bettel' appreciated, 
and that they are to be found in the work- 
shops of Paris, London, and X ew York, oc- 
cupying lcading and wcll.paid positions. 
There is undoubtedly a great deal of truth 
in that, but it is also evident tbat it fails to 
cover the case; the cause must be deeper. 
It has been asserted, by men who certainly 
ought to know, that the instruction in Ger- 
man technical 8('hool8 is too purely theoretic 
and scientific, and too little practical; that 
the professors, able men though they bß, 
often have no practical knowledge of the 
arts of which they expound the underlying 
principles. It is evident that in this way 
the students, instead of being trained, are 
spoiled for their work. To illustrate, JOu 
need simply look at some of our American 
agricultural collegcs; the profe
sors may 
be excellent chcmists, phy
icists, botanists, 
and zoölogists, but how many of them know 
practically anything about farming? It is 
thus that the question I have discussed has 
a practical bearing upon our own institu- 
tions. 'Ye are beginning to introduce tech- 
nical schools everywhere, and we must guard 
against the danger mooted." 


The Whitney Ghuier. - "
hile ,isiting 
the Pacific slope, on busine5s of the L'nited 
States Entomological Commission, :\11'. A. S. 
Packard, Jr., ascended :alount Shasta, in 
Korthern California, and studied the'Vhit- 
ney Glacier, one of the three glaciers on its 
flanks. The 'Yhitney Glacier is about three 
miles long, and extends from the 5ummit of 
Shasta peak down to or quite neAr the Ïine 
of trees. The surface is white and clean 
near the top. Ice cascades and crevasses 
begin very near the upper termination. On 
the upper portion on the east side, under a 
perpendicular wall of ro<:!{, is a lateral mo- 
raine; and a little farther down, where the 
glacier abuts against the crater-cone of 
Mount Shasta, is a lateral moraine on the 
west side. The terminal moraine covers 
the bottom of the glacier, and connects the 
two lateral moraines. The end of the gla- 
cier, instead of being free of detritus, push- 
ing the mass before it, as in most Europpan 

laciers, runs under the terminal moraine 
for a considerable distanre, tbe ice here and 
there projecting above the surface of the 
moraine. ..At and beyond the end of the 
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present terminal moraine lies the former 
extension of it, constituting naked plains; 
and below the still more ancient moraine, 
showing the former size of the glacier, and 
comprised of a series of well-wooded hills. 
A muddy stl'eam runs north from the end 
of the glacier. 


Sensitiveness of the Leaves of the Com- 
mon Teast'l. - On closely examining the 
glandular hairs of the leaves of the common 
teasel, Mr. ,.Francis Darwin observed pro- 
truding from them translucent, highly-re- 
fracting threads, capable of spontaneous 
movement. These filaments were found to 
consist of protoplasm, containing a large 
amount of resinous matter. They not only 
possess the power of spontaneous move- 
ment, but can also be made to contract 
violently unùer the influence of sundry re- 
agents, of temperature, electricity, or simple 
mechanical irritation. In nutritive fluids 
the movements are very remarkable. Thus, 
in an infusion of meat, the filaments became 
rounded or sausage-shaped, or very long 
and bulky; sometimes they coalesced with 
one anothet', or again became completely 
detached and floated freely in the fluid. 
The movements resemble the" aggregation 
movements " observed ill the tentacles of 
the Drosera. )11'. Darwin is of the opinion 
that these anomalous structures are con- 
nected both with the production of resin 
and the absorption of nitrogenous matter. 
In the adult teasel the leaves form, by their 
union in pairs across the stem, large cups, 
in which water collects, and in which in- 
sects are caught. The decomposing bodies 
of these insects form with the water a 
strongly-nutritive fluid, which is absorbed 
by the gland-hairs and their filaments. 


Gas 8S a DOßle
tic Furl.-Gas as a fuel 
for domestic use po
sesses many notewor- 
thy advantages over all other kinds of fuel, 
and there is, apparently, nothing to hinder 
its universal substitution in place of grosser 
fuels, save its greater cost. lly using a gas- 
apparatus, we may do away with dust, 
smoke, ashes, cinders, and kindling-mate- 
rial, save time> and lahor, and escape many 
vexations. For f'ummer u
e, gas-stoves 
possess special aùvantages even on the 
ground of economy. "It is desirable," 
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saJs the Ame1"ican Gaslight Journal, "to 
keep as cool during the heated term as is 
consistent with the pecuniary and mechani- 
cal means at our commanù; therefore, we 
should ha.ve our artificia.l heat so arl'an
èÙ 
as to be used only when de:,ired for active 
work, and employed no longer than is neces- 
sary. 'Vith a good apparatus, the gas act- 
ually used for cooking and performing all 
necessary fuel-labor, during the warm sea- 
son, costs no more than the coal and kin- 
dling used for the same purposes, and we 
get the comfort, saving of time, convenience, 
and sanitary influence, thrown gratuitously 
into the trade." The case is different when 
it is proposed to employ gas for the purpose 
of warming houses. "It is," the Journal 
admits, "more expensive to run a gas-stove 
for a given amount of heat than it is to run 
.a coal-stove for the same. lIenee, when 
the heat is to be continuou
, the coal.stove 
bas the ad,"antage so far as cost is con. 
cerned." Our contemporary then suggests 
to the gas companies the advisability of set- 
ting up in houses of gas-consumers a special 
metre connected with the heating and cook. 
ing apparatus, and of selling gas for these 
purposes at half-pl'Ïce, so as to encourage 
tbe use of gas in this way. 


Impure 'Vater fntal to Fish-Breeding. 
-Mr. Seth Green takes advantage of an 
accident which occurred lately at the State 
fish-ponds, to caution people again
t draw- 
ing off the water of old mill-ponds, except 
they do it very slowly, especially in warm 
weather. "Last week," he writes to Fo'rest 
and Stream, "the State ponds at Caledo. 
nia came near losing all their breeding-fish. 
The head of the stream is about one mile 
above the ponds. Half of the water comes 
out of the ground at the head of the stream, 
and a dam was put across the creek sixty 
years ago, about forty rods from the spring, 
making a pond of several acres. It is full 
of moss and all sorts of animalcula. Last 
week the owner of the pond opened the 
gates, and let the water down with a rush. 
It killed all the trout. in the stream for a 
half-mile below, and if it had not been for 
many large springg coming in on both sides 
of the creek. al1 the trout in the stream and 
ponds would have been killed, and it would 
take many years to restock the ponds as 
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they now are." The different kinds of fish 
now in these ponds are California salmon, 
Kennebec salmon, brook-trout, salmon-trout, 
grayling, a hybrid of California salmon and 
brook-trout, also a hybrid between salmon- 
trout and white-fish. 


Graves of the 3Ionnd..BniJders. - On 
opening a sepulchral mound on Coup's 
Creek, 
Iacoupin County, Illinois, four sl{el. 
etons were found sitting two-and-two, with 
the arms crossed, and the knees of one 
pair pres
ing 
harply against the backs 
of the other. The grave was six feet in 
length by three in width, anù search was 
made for other remains. X othing, how- 
ever, was found, except four large marine- 
shells, identified as of the Linnæan 8pe- 
cies Bnsycon pen'eJ"surn. The position 
of each of these shells in relation to 
the skeletons was the same: the smaller 
end of one had been placed in the right 
hand of each, while the larger portion rest- 
ed in the hollow above the left hip. But 
what will appear most singular in this re- 
markable find is the fact that each shell 
contained what seemed to be the bone
 of 
an infant. "'Vithin each of the shells," 
writes Mr. John Ford, in the " Proceedin
s" 
of the Academy of N"atural Sciences of Phil- 
adelphia, "there. had been packed what 
appeared to be the bones of a child; the 
skull, which evidently had bef'n crm:hed 
before burial, protruding beyond the aper- 
ture. Of course, any hypothesis regarding 
the purpose of this peculiar rite must neces- 
sarily be of a conjectural character; never- 
theless, it was difficult to resist the conclu- 
sion that these infants \yere sacrificial offer- 
ings to the spirits of the dead, whom the 
living desired to honor." 


Xon-Poisonons Coloring for Preserved 
,- egetables.-A patented process, for giving 
to cooked and preserved vegetables a green 
color, without the employment of copper or 
any other poisonous substance, is described 
as folJows: Fir
t, the green leaves of some 
such plant as spinach, or sorrel, are scald- 
ed for a few minutes with boiling water, 
and drained; they are then triturated with 
knives or other cutting instruments. K ext 
the triturated mass is heated with an equai 
weight of caustic soda solution marking 
12.5 0 Beaumé, the mixture being boiled till 


the leaves are dissolved. From the product 
prepare a " lacker" by precipitating alum 
with this alkaline solution of chlorophyl, 
and then dl'aw off and wash the precipitate 
in abundance of water, and finally press out 
the excess of water. To prepare the lacker 
for use, about thirty pounds of it is put in a 
basin with about fifteen pounds of soluble 
phosphates, especially phosphates of soda, 
potasL, or ammonia, or of acid phosphates, 
or alkaline citrates, or double hrtratcs, and 
water is added until the liquor marks 2 0 
to 50 Beaumé. To communicate the green 
color of this chloroph)'l pt'eparation to 
cooked or preserved vegetables, the latter 
ha ve only to be immersed for a few min- 
utes in the solution at a temperature of 
212 0 Fahr. The effect of the operation is 
to impart to the products treated a fine, 
permanent green color, due to the absorp- 
tion and fixation of an excess of chloro- 
ph)'!, 


(ompressed Air in (oal- 'linin
.-.An 
English journal gives an account of certain 
experiments recently made at 'Vigan to 
show how compressed air may be substi- 
tuteù for fiery explosives in coal-mining. 
.A " cartridge," or reservoir, was placed ín 
a shot-hole, after the manner of a charge 
of powder, and rammed or plugged in the 
same way. This chamber is in connection 
with a powerful air-pump, adapted express- 
ly for the purpose, and, by simply turning a 
wheel, the collier can" fire his shot" with- 
out the least danger of 
etting fire to the 
inflammable gases. Mr. Marsh 's (the in- 
ventor's) machine is capable of exerting a 
pressure of O'ver 12,000 pounds to the square 
inch, and this force can be produced by two 
men turning the wheel in less than three 
minutes from the time of ramming the car- 
tridge. The 'Yigan experiments show that 
very large quantities of coal can be brought 
down at a very much less expenditure of 
force. The first cartridge "fired" was 
burst at a pressure of 7,500 pounùs to the 
square inch, the pressure being registered 
by a gauge. The coal was fractured, but 
not brought down; and a second cartridge 
was inserted, and burst at a pressure of 
8,250 pounds to the square inch, completely 
loosening the coal and breaking up about 
eight tons. The whole force of tbe shot 
was probably not exertcd on the seam, as 
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the ramming was blown out. The machine 
is described as very handy and compact, 
and ea5ily used, while the cost, beyond the 
first outlay, is absolutely nil. 


The lIeliotype Proress.-For some years 
an eminent publishing-house in Boston hns 
been engaged in the production of "helio- 
type" copies of famous works of art, and 
the public is now more or less familiar with 
the products of the "heliotype" process. 
But what that process is we have nowhere 
seen explained till recently a writer in the 
J'ribune gave a very intelligible account of 
its modus ope1'audi. In what follows we 
propose to give in brief the main points of 
the author's explanation: First a photo- 
graphic negative is made in the ordinary 
manner j but the" positive" plate is pecuJiar. 
The basis of its composition is gelatine, 
with a mixture of bichromate of potash and 
chrome alum. This mixture is dissolved in 
hot water, and the solution is then poured 
on a plate of glass or metal, and left to dry. 
'Vhen dry it is about as thick as ordinary 
parchment, and is stripped from the platc 
and placed in contact with the previously- 
prepared negative; the two are then ex- 
posed to the light. The bichromate of 
potash makes the gelatine plate sensitive 
to light, and wherever the light touches it 
the plate becomes leathery or water-proof. 
The result of the exposure to light is, there- 
fore, that a portion of the gelatine plate- 
the image-is water-proofed, while the re- 
mainder is absorbent of water. Now, we 
know what a repulsion exists between water 
and greasy substances of ('very kind-for 
instance, printer's ink. It foHows that, if 
we moisten the gehtine plate, the unchanged 
parts will absorb the water, and, if ink is 
then roBed over it, it will adhere only in 
the altered parts. By so applying ink, 
the sheet of gelatine is converted into a 
" positive" plate from which copies can 
be taken on a printing-press. This plate, 
strange to say, is very durable, and is capa- 
ble of yielding, with fair treatment, several 
thousand impressions. Of course, the sheet 
of gelatine must have a solid base given to 
it, to hold it firmly on the bed of the press 
wbile printing. This is accomplished by 
uniting it under water with a metallic plate, 
exhausting the air between the two surfaces, 
and attaching them by atmospheric pressure. 
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Epidemifs and Ablntion.-A short time 
ago we published some remark
 of Dr. He- 
bra, of Vienna, depreciatory of the value of 
frequent bathing. A diametrically opposite 
opinion is held by the eminent Lygienic 
reformer, Edwin Chadwick, C. B., who cites 
facts to prove that skin-cleanliness, or in 
other words frequent ablution of the ,,,hole 
person, is a powerful preservative against 
all infectious and contagi.ms diseases. He 
asserts that in children's institutions the 
death-rate and cases of sickncss have been 
red
ced one-third by regular head-to-foot 
ablutions with tepid water. Experienced 
trained nurses, regularly attending scarla- 
tina-patients, give themselves regular head- 
to-foot ablutions twice a day, and a change 
of clothes once a day. :Medical men of ex- 
perience, who serve amid plagues and the 
most terrible epidemics, do the like. :Mr. 
Chadwick adds: "If I had again to serve 
as a member of a general board, and had 
to exercise authority in providing defenses 
against epidemics, I would propose regula- 
tions for the immediate and general · tub- 
bing' of the popuhtion, and have it seen to 
as sedulously as vaccination for protection 
against small-pox." To show the influence 
of skin - cleanliness on the assimilation of 
food, :Mr. Chad wick relates the following 
incident: "A friend of mine," he writes, 
"in command of a brigade in Spain, was 
hemmed in, and his men were put on very 
short rations; and to amuse them-it being 
summer-time-he encouraged them to bathe 
daily in a river close by, and he marked, as 
a result he had not expected, that his men 
were in as good strength as the unwashed 
soldiers on their full rations." Similar re- 
sults are observable in the inmates of weIl- 
kept prisons. 


New Profess of Em balmil1g.-A new 
and inexpensive method of embalming has 
been inventcd by Dr. Lowell, of Brook. 
lyn. The preservative fluid he employs 
is a solution of zinc chloride which is in- 
jected into the body either by an artery or ß 
vein. The apparatus required consists of a 
porcelain-lined vessel, which is elevatud to 
such a height that the solution may be in- 
jected into the cadaver after the manner of 
a gravitY-8)Tinge. FOl' the passage of the 
preservative fluid from this receptacle into 
the vein of the cadaver, glass and rubber 
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tubing is all that is required. Dr. Lowell 
writes: .. The injection may be made by 
either artery or vein. . . . I prefer the bra- 
chial artery ahove the elbow as the point for 
introduction of the glass tube, for the pd- 
mary incision is slighter, and consequently 
divides smaller and fewer veins than when 
I expose the femoral arter'y. 1 use the 
gravity method, and introduce about five 
gallons of the antiseptic fluid. The effects 
are eminently satisfactory. The color of 
the integument is improved." A body 
treated in this way was transported from 
New York to Richmond last summer with. 
out odor, disfigurement, or external sign of 
èecay. 


NOTES. 


TIlE Count de Saporta has discovered in 
the Silurian rocks of Angers the remains of 
ferns-the first evidence so far found in 
Europe of the existence of terrestrial vege- 
tation during Silurian times. In tbe Ameri- 
can Silurian form:ltion Prof. Leo Lesquereux 
had already found fern-remains. 
PROF. \VILLIA)I DWIGHT 'YHITXEY, of Yale 
College, has bpen named a member of the 
French Academy of Inscriptions and Belles- 
Lettres. 
A'S intere3ting law case htely carne be- 
fore a London magistrate, namely, the vio- 
lation by a g3.S company of the act of Par- 
liament which fixes the maximum of impu- 
rity permissible in illuminating gas. The' 
company defendant were sued to recover 
eight penalties of Æ50 each for having on 
eight days supplied gas of less purity than 
the act allows. The cour't ordered a war- 
rant to issue for the full amount of penalties 
claimed. 
WE have to record the first instance 
that has come under our notice of a house- 
owner being arrested and held to account 
in New York City for neglectin cr duly to 
prO\'ide against the entrance oro poisonous 
sewer-gases into his tenements. In January, 
an agent of the Board of Health sued out 
a warrant against a house-owner who bad 
offended in this way, and the accused was 
bound over for examination. The Health 
Board is to he commended for its action in 
this case, and encouraged to go on with 
the good work. 
DIED at Paris, December 20th, Henri 
Daniel Ruhmkorff, a
ed about seventy-five 
years. He was by birth a Hanoverian, but 
came to Paris at a very early age, and there 


spent thc remainder of his life. TIe was first 
a porter in a ph)"::;ical la1Joratory where he 
acquired a taste for electrical experiments. 
He soon opened a little shop for makin cr 
physical apparatus. His famous macrncto
 
electric "coil" was produced in 1851. in 
1858 he received for it the first priz
 of 
50,000 francs at tbe }'rench Exhibition of 
electrical apparatus. 
YR, E. A. BARBER, in the American Þr-ratu_ 
ralist, notes a singular rite formerly practised 
by the Seminole::; at the "chri
tenincr" of 
their male children. At the age of fo
rteen 
the boy was scratched or incbed witJ,1 a 
sharp Bint six times on each arm and le
, 
the length of the incisions being about a 
foot. If tbe lad flinched or cried out he 
received an insignificant name; but if' be 
bore the pain manfully, he received a high- 
sounding title, and was dcstined to become 
a great man in the tribe. 
THE statistics of rainfall at Sa.n Fran- 
cisco for the past twenty-five years or more 
are contradictory of the theory according 
to which the amount of rainfall is in direct 
proportion to the number of spots on the 
sun. It has been shown by Mr. J. S. Hit- 
tell that during the four )"ears from 1865 to 
1869 there was at San Francisco a total fall 
of 118 inches-the greatest quantity ever 
noted there for an equal period-and yet 
those four years were "in the minimum 
portion of the sun-spot cycle." The table 
of annual rainfall given by :Mr. Bittell is in 
fact, as far as it goes, an eviùence that 
there is no periodicity either of mflximum 
or minimum rainfall at San Francisco. 


THE advantages of crying and groaning 
in pain are set forth by a }"rench physician, 
who holds that these modes of expression 
are K ature's own methods of subduing the 
keenness of physical suffering. He would 
have men freely avail themselves of this 
means of numbing their sensibility during 
surgical operations. Crying in children 
should not be repressed, for, according to 
this authority, such repression may result 
in very serious consequences, as St. Vitus's 
dance, epileptic fits, etc. 
A BAKER in Paris havin
 used, for heat- 
ing his oven, painted wood from old hOUf
es 
which had been torn down in opening a 
new street, many persons who ate the bread 
were seized with violent symptoms of leád- 
poisoning. The heat converted the paint 
into pulverulent oxide of lead, which ad- 
hered to the moist surface of the loaves. 
The men who brushed these loaves were 
the first to suffer, and tben all who ate the 
crust experienced with more or less inten- 
sity the agonies of" painters' colic." A po- 
lice regulation has been issued forbidding 
the use by bakers of wood from old houses. 
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EVOLUTION OF CEREMONIAL GOVERNMENT. 


By HERBERT SPENCER. 


III. MUTILATIONS. 


F ACILITY of exposition will be gained by approaching indirectly 
the facts and conclusions here to be set forth. 
As described by Burton, the ancient ceremony of infeftment in 
Scotland was completed thus: " He [superior's attorney] would stoop 
down, and, lifting a stone and a handful of earth, hand these over to 
the new vassal's attorney, ther
by conferring upon him' real, actual, 
and corporeal' possession of the fief." Among a distant, slightly-civ- 
ilized people, a parallel form occurs. On selling his cultivated plot, a 
Khond, having invoked the village deity to bear witness to the sale, 
"then delivers a handful of soil to the purchaser." From cases wbere 
the transfer of lands for a 
onsideratioi1 is thus expressed, we may 
pass to cases where lands are by a similar form surréndered to show 
political submission. When the Athenians applied to Persia for help 
against the Spartans, after tbe attack of Cleomenes, a confession of 
subordination was demanded in return for the protection asked; and 
the confession was made by sending earth and water. A like act has 
a like meaning in Feejee: "The 80'1'0 with a basket of earth. . . is 
generally connected with war, and is presented by the weaker party, 
indicating the yielding up of their land to the conquerors." And 
similarly in India: When, some ten years ago, Tu-wên-hsin sent his 
"Pantbay" mission to England," tI)ey carried with them pieces of 
rock hewed from the four corners of the [Tali] mountain as the most 
formal expreRsion of his desire to become feudatory to the British 
crown." 
This giving of a part instead of the whole, where the whole cannot 
be mechanically handed over, may be called a symbolic ceremony; 
VOL. XII.-41 
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though, even apart from any further interpretation, we may say that 
it approaches as nearly to actual transfer as the nature of the case 
permits. We are not, however, obl\ged to regard this ceremony as 
one artificiall)T devised; but we may affi1iate it upon a ceremony of a 
simpler kind which at once elucidates it, and is elucidated by it. I 
refer to giving up a part of the body as implying a surrender of tbe 
whole. In Feejee, tributaries approaching their masters were told by 
a messenger that" they must all cut off their tobe (locks of hair that 
are left like tails). . . . They all docked their tails." StiH, it may be 
replied that this act, too, is a symbolic act-an act artificially devised 
rather than naturally derived. If we carry our inquiry a step båck, 
however, we shall find a clew to its natural derivation. 
First, let us remember the honor which accrues from accumulated 
trophies; so that, among the Shoshones, for instance, "he who takes 
the most scalps gains the most glory." Let us join with this Ban- 
croft's statement respecting the treatment of prisoners by the Chichi- 
mecs, that" often ,,,,ere they scalped while yet alive, and the bloody 
trophy placed upon the heads of their tormentors." And now let us 
ask what will happen if the scalped enemy survives and is taken pos- 
session of by his captor. The captor preserves the scalp as an addi- 
tion to his other trophies; the vanquished enemy becomes his slave; 
and be is shown to be a slave by the loss of his scalp. Here, then, are 
the beginnings of a custom that may become established when social 
conditions make it advantageous to keep conquered foes as servants 
instead of eating them. The conservative savage will change his 
custom as little as possible. While the new practice of enslaving the 
captured gro,vs up, there will continue the old practice of cutting 
from their bodies such parts as serve for trophies without impairing 
their usefulness; and it will thereafter result that the marks left will 
be marks of subjugation. Gradually as the receipt of such marks 
becomes by use identified with bondage, not only will those taken in 
war be marked, but also those born to them; until at length tbe bear- 
ing of the mark shows subordination in general. 
That submission to mutilation may eventually grow into the seal- 
ing of an agreement to be bondsmen, is shown us by Hebrew history: 
"Then N ahash the Ammonite came up, and encamped against J abesh- 
gilead: and all the men of J abesh said unto N ahasb, l\lake a covenant 
,vith us and we will serve thee. And N ahash the Ammonite answered 
, 
them, On this condition will I make a covenant with you, that I may 
thrust out all your rigbt eyes." They agreed to be subjects, and the 
mutilation (not in this case consented to, however) was to mark their 
subjection. And while mutilations tbus serve, like tbe brands a 
farmer puts on his sheep, to show first private ownership, and after- 
ward political ownership, tbey also serve as perpetual reminders of 
the ruler's power; so keeping alive the dread that brings obedience. 
This fact we see in the statement that when the second Basi1 deprived 



EVOLUTIO.J.:V OF CERE.J.}IONIAL GOVERNJ.1fENT. 643 


:fifteen thousand Bulgarian captives of sight, "the nation was awed 
by this terrible example." 
Just adding that the bearing of a mutilation, thus becoming the 
mark of a subject race, survives as a token of submission when the 
trophy-taking which originated it has disappeared, let us no,v note 
the different kinds of mutilations, and the ways in which they sev- 
erally enter iilto the three forms of control-political, religious, and 
social. 


'Vhen the Araucanians on going to war send messengers summon- 
ing confederate tribes, these messengers carry certain arrows as their 
credentials; and," if hostilities are actually commenced, the finger 
or (as Alçedo ,vill have it) the hand of a slain enemy is joined to the 
arrows "-another instance added to those already given, in \\' hich 
hands cut off are brought horne to show victory. 
We have proof that in some cases living vanquished men, made 
handless by this kind of trophy-taking, are brought back from battle. 
Iring Osymandyas reduced the revolted Bactrians; and" on the sec- 
ond wall" of the monument to him" the prisoners are brought for- 
ward: they are without their hands and members." But, though a 
conquered enemy may have one of his hands taken as a trophy with- 
out much endangering his life, loss of a hand so greatly diminishes 
his value as a slave that some other trophy is naturally preferred. 
The like cannot, however, be said of a finger. That fingers are 
sometimes carried home as trophies we have seen; and that conquered 
enemies, mutilated by loss of fingers, are sometimes allow
d to live as 
slaves, the Bible yields proof. In Judges i. 6, 7, we read: "Adoni- 
bezek [the Canaanite] fled; and they pursued after him, and caught 
him, and cut off his thumbs and his great-toes. And Adoni-bezek 
said, Threescore and ten kings, having their thumbs and their great- 
toes cut off, gathered their meat under my table: as I have done, so 
God hath requited me." Hence, then, the fact that fingers are, in va- 
rious places, cut off and offered in propitiation of Ii ving rulers, in pro- 
pitiation of dead rulers, and in propitiation of dead relatives. The san- 
guinary Feejeeans, extreme in their loyalty to cannibal despots, yield 
sundry illustrations. Describing the sequence of an alleged insult, 
'Villiams says: "A messenger was. . . . sent to the chief of the 
offender to demand an explanation, which was forth with given, to- 
gether with the fingers of four persons, to appease the angry chief- . 
tain." Again, on the occasion of a chief's death, " orders were issued 
that one hundred fingers should be cut off; but only sixty were am- 
putated, one woman losing her life in conRequence." And once more: 
a child's hand "was covered with blood, which flowed from the 
stump where, shortly before, his little-finger had been cut off, as a 
token of affection for his deceased father." This propitiation of the 
dead by offering amputated fingers occurs elsewhere. When, among 



644 THE POPULAR SCIENCE MONTHLY. 


the Charruas, the head of the family died, "the daughters, widow, 
and married sisters, were obliged to have each one joint from the fin- 
ger cut off; and this was repeated for every relation of the like char- 
acter who died: the primary amputation being from the little-finger." 
By the ]Uandans, the usual mode of expressing grief on the death 
of a relation" was to lose two joints of the little-fingers, or some- 
times the othel' fingers." A like custom was found among the Dako- 
tas, and various other American tribes. Sacrificed in this way to 
the ghost of the dead relative or the dead chief, to express that sub- 
jection which would have pacified bim while alive, the amputated fin- 
ger becomes, in other cases, a sacrifice to the expanded ghost or gad. 
During his initiation, the young l\landan warrior, "holding up the 
little-finger of his left hand to the Great Spirit, he expresses to him, 
in a speech of a few words, bis willingness to give it as a sacrifice; 
when he lays it on the dried buffalo-skull, where the other chops it off 
near the band with a blow of the hatchet." According to ]Uariner, 
the natives of Tonga cut off a portion of the little-finger as a sacrifice 
to the gods for the recovery of a superior sick relative. 
Expressing originally submission to powerful beings alive and 
dead, this mutilation in some cases becomes, apparently, a mark of 
domestic subordination. The Australians have a custom of cutting 
off the last joint of the little-finger of females; and a Hottentot 
" widow, who marries a second time, must bave the top joint of a fin- 
ger cut off, and loses another joint for the third, and so on for each 
time that she enters into wedlock." 
As. showing the way in which these propitiatory mutilations of the 
})ands are made so as to interfere least with usefulness, it may be noted 
that habitually they begin with the last joint of the little-finger, and 
affect the Inore important parts of the hand only if they recur. And 
we may join with this the fact tbat where, by amputatiug the hand, 
there is repeated in full the original mutilation of slain enemies, it is 
where the usefulness of the subject person is not a consideration, but 
where the treatment of the external enemy is extended to the internal 
enemy-the criminal. The IIebre,ys made the loss of a hand a pun- 
ishment for one kind of offense, as shown in Deuteronol11Y xxv. 11, 12. 
Of a Japanese political tranRgressor it is said, "His hands were or- 
dered to be struck off, which in Japan is the very extremity of dishon- 
or." In mediæval Europe hands were cut off for various offenses; 
and, among sundry penal mutilations enacted by 'Vil1iam the Con- 
queror, loss of a hand is one. 


Recent accounts from the East prove that some vanquished men 
deprived of their noses by their conqnerors, either while obviously 
alive or when supposed to be dead, survive; and those who do so re- 
main identifiahle thereafter as conquered men. Consequently, the loss 
of a nose l11ay become the mark of a slave; and, in SOllie cases, it does 
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this. Concerning certain ancient Central Americans, Herrera tells us 
that they challenged neighboring peoples when" they wanted slaves; 
if the other party did not acc
pt of the challenge, they ravaged their 
country and cut off the noses of the slaves." And, describing a war 
that went on during his captivity in Ashantee, Ramseyer says the 
Ashantees spared one prisoner," whose head was shaved, nose and 
ears cut o
 and himself made to carry the king's drum." 
Along with loss of nose occurs, in the last case, loss of ears, which 
naturally comes next to be dealt with. This is similarly interpret- 
able as having originated from trophy-taking, and having in some 
cases survived; if not as a mark of ordinary slavery, still, as a mark of 
that other slavery which is often a punishment for crime. In ancient 
IHexico "be who told a lie to the particular prejudice of another bad 
a part. of his lip cut off, and sometimes his ears." Among the Hon- 
duras people a thief had his goods confiscated, "and, if the theft was 
very great, they cut off his ears and hands." One of the laws of an 
adjacent ancient people, the J\Iiztecs, directed the" cutting off of an 
adulterer's ears, nose, or lips; " and by some of the Zapotecas, "women 
convicted of adultery had their ears and noses cut off." 
But though absence of ears seems more generally to have marked 
a crÍIninal than to have marked a vanquished enemy who, surviving 
the taking of his ears as trophies, had become a slave, we may suspect 
that it once did, among some peoples, Inark an enslaved captive; and 
that, by mitigation, it gave rise to the method of marking a slave pre- 
scribed of old among the Hebrews, and which still continues in the 
East with a modified meaning. In Exodus xxi. 5, 6, we read that if, 
after his six years' service, a purchased slave does not wish to be free, 
his master shall" bring him to the door, or unto the door-post, and 
his master shall bore his ear through with an awl, and he shall serve 
him forever." Commenting on this ceremony, Knobel says: "In the 
modern East, the symbol of piercing the ears is mentioned as the 
mark of those who are dedicated. . . . It expresses the belonging to 
somebody." And since, where there grows up unqualified despotism, 
private slavery is joined with public slavery, and the accepted theory 
is that aU subjects are the property of the ruler, we may suspect that 
there hence results in some cases the universality of this mutilation. 
" All the Burmese," says Sangermano, "without exception have the 
custom of boring their ears. The day when the operation is performed 
is kept as a festival; for this custom holds, in their estimation, some- 
thing of the rank that baptism has in ours." 
As bearing indirectly upon mutilations of this class, I may add the 
curious fact named by Forsyth, that the Gond holds" his ears in his 
hands in token of submission." 


Jaws can be taken as trophies only from those whose lives are 
taken. There are the teeth, however; some of these may be extracted 
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from the jaws as trophies without seriously decreasing the usefulness 
of the prisoner. Hence another form of mutilation. 
"T e have seen that teeth are worn as trophies in Asbantee and in 
South America. Now, if teeth are taken as trophies from captives 
who are preserved as slaves, loss of them must become a mark of 
subjection. Of facts directly showing that a propitiatory ceremony 
hence arises I can name but one. Alnong mutilations submitted to 
on the death of a king or chief in the Sandwich Islands, Ellis names 
knocking out one of the front teeth; an a1ternative being cutting the 
ears. The implication is tolerably clear; and when we further read 
in. Cook that the Sandwich-Islanders knock out from one to four 'of 
the front teeth-when we see that the ,vho]e population. becomes 
marked by these repeated mutilations undergone to propitiate the 
ghosts of dead rulers-when we infer that in propitiation of a much- 
dreaded ruler deified after death, not only those who knew hÏ1n may 
submit to this los
, but also their 'children subsequently born-we see 
how the practice, becoming established, may survive as a sacred cus- 
tom when its meaning is lost. For, concluding that the practice has 
this sacramental nature, there are the further reasons derived from 
tbe fixing of the age for the operation, and from the character of the 
operator. Angas tells us that in New South Wales it is the Koradger 
men or priests .who perform the ceremony of knocking out the teeth; 
and of a senÚ-domesticated Australian Haygarth ,vrites that he said 
one day, "with a look of importance, tbat he must go away for a few 
days, as he had grown up to man's estate, and' it was high time that 
he should have bis teeth knocked out.' " Various African races, as the 
Batoka, the Dor, etc., similarly lose two or more of t}]eir front teeth; 
and habitually the loss of them is an obligatory rite. TIut the best 
evidence (which I have found since setting do,vn the above) is fur- 
nished by the ancient Peruvians. A tradition among certain of them 
was that the conqueror IIuayna Ccapac, finding them disobedient, 
"made a law that they and their descendants should have three of 
their front teeth pulled out in each jaw." Another tradition, given 
by Cieza, naturally derivable from the last, ,vas that this pulling out 
of teeth by fathers from their young children was" a service very 
acceptable to their gods." And then, ai bappens with other mutila- 
tions of which the meaning has dropped out of memory, the improve- 
ment of tbe appearance was in Borne parts the assigned motive. 
It should be added that, in this case as in most cases, tbe muti- 
lation assumes n10dißed forms. "The Damaras knock out a wec1ge- 
shaped gap between their two front teeth;" "the natives in the 
neighborhood of Sierra Leone file or chip the teeth;" and yarious 
other tribes have allied usages. 


As the transition from eating conquered enemies to making slaves 
of them mitigates trophy-taking so as to avoid causing death; and, 
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as the tendency is to modify the injury inflicted, so that it shall in 
the least degree diminish the slave's usefulness; and as, ,vith the rise 
of a class born in slavery, the mark which the slave bears no longer 
showing that he was taken in war, does not imply a victory achieved 
by his owner-there eventually remains no need for the mark to be 
one involving a serious mutilation. Hence it is inferable that muti- 
lations of the least injurious and least painful kinds ,vill become the 
comlnonest. Such, at any rate, seems a reasonable explanation of 
the fact that cutting off of hair for propitiatory purposes is the most 
prevalent of all mutilations. 
Already we have seen the probable origin of the custom among 
the Feejeeans that tributaries had to nlake a propitiatory sacrifice of 
their locks on approaching their great chiefs; and there is evidence 
that a kindred sacrifice made in homage ,vas demanded of old in Brit- 
ain. In the Arthurian legends, which, unhistoric as they may be, 
yield good evidence respecting the Inanners of the times from which 
they descend, we read (in 1\11'. Cox's abridgment): "Then went Ar- 
thur to Caerleon; and thither came messengers from I{ing Ryons, 
who said: ' Eleven kings have done me homage, and ,vith their beards 
I have trimmed a n1antle. Send me now thy beard, for there lacks 
yet one to the finishing of my mantle.'" 
Some reasons exist for the belief that taking an enslaved captive's 
hair began with the smallest practicable divergence from taking the 
dead enemy's scalp; for the part of the hair in some cases given in 
l)ropitiation, and in other cases worn subject to a master's ownership, 
answers in position to the scalp-lock. The bail' yielded up by the 
tributary Feejeeans was the tobe, a kind of pigtail-the implication 
being that this could be demanùed by, and therefore belonged to, the 
superior. 1\Ioreover, among the Calmucks, when one pulls another by 
the pigtail, or actually tears it out, this is regarded as a punishable 
offense, because the pigtail is thought to belong to the chief, or to be 
a sign of subjection to him. If it is the short hair Oil the top of the 
head that has been subjected to such treatment, it does not constitute 
a punishable offense, because this is considered the man's own hair 
and not that of the chief. And then I may add the statement of Wil- 
liams, that the Tartar conqÜerors of China ordered the Chinese" to 
adopt the national Tartar mode of shaving the front of the bead, and 
l)railling the hair in a long cue, as a sign of submission." Another fact 
presently to be given joins 'with these in suggesting that a vanquished 
man, not killed, but kept as a slave, was allowed to wear his scalp- 
lock on sufferance, the theory being that the victor D1ight at any tinle 
demand it. 
Be 
his as it may, however, the widely-prevalent custom of taking 
the haJr of the slain, either with or w'ithout a part of the skin, has 
nearly everywhere resulted in the assoriation between short hair and 
slavery. This association existed among both Greeks and ROlnans : 
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" The slayes had their hair cut sbort as a mark of servitude. " We find 
it thus throughout America. "Socially the slave is despised, bis hair 
is cut short," says Bancroft of the N ootkas. " The privilege of "rear- 
ing long hair was rigorously denied" to Carib slaves and captives, 
says Edwards. The slavery that punished criminality was similarly 
marked. In Nicaragua" a thief had his hair cut off, and became a 
slave to the person tbat had been robbed till he was satisfied." And 
this badge of slavery was otherwis{l inflicted as a punishment. By 
the Central Americans a suspected adulterer" was stripped and his hair 
was cut (a great disgrace)." One ancient 1vlexican penalty" was to have 
the hair cut at some public place." And during mediæval times in 
Europe cutting of hair was enacted as a punishment. Of course there 
follows a correlative distinction: long hair becomes honorable. If 
among the Chibchas "the greatest affront that could be put on a man 
or a woman was to have their hair cropped; " the assimilation to slaves 
in appearal1ce was tbe obvious reason, tbe honorableness of long hair 
being an implication. "The Itzaex Indians," says Fancourt, " wore 
their hair as long as it would grow; indeed, it is a most difficult thing 
to bring the Indians to cut their hair." Long hair is a mark of dis- 
tinction among the Tongans, and none are permitted to wear it but the 
principal people. Similarly with tbe New Caledonians and various 
others of the uncivilized, and similarly with semi-civilized Orientals, 
"the Ottoman princes have their beard shaved off, to show that they 
are dependent on the favor of the reigning emperor." By the Greeks, 
" in manhood, . . . the hair was worn longer," and" a certain politi- 
cal significancy was attached to the hair." In N ortbern Europe, too, 
" among the Franks . . . . the serfs wore the hair less long and less 
carefully dressed tban freemen," and the freemen less long than the 
nobles: "The long hair of the Frank kings is sacred. . . . It is for 
them a mark and honorable prerogative of the royal race." Clothair 
and Childebert, wishing to divide their brother's kingdom, consulted 
respecting their nephews, ",vhether to cut off their hair so as to re- 
duce them to the rank of !Subjects, or to kill them." I may add the 
extreme case of the Japanese mikado: " Neither his hair, beard, nor 
nails are ever [avowedly] cut, that his sacred person may not be mu- 
tilated," such cutting as occurs being dóne while he is supposed to 
sleep. 
A parallel marking of divine rank may be noted in passing. 
Length of hair being significant of terrestrial dignity, becomes signifi- 
cant, too, of celestial dignity. The gods of various peoples, and es- 
pecially tbe great gods, are distinguished by their flowing beards and 
long lockR. 
Domestic subordination, too, in many cases goes along with 
short hair; in low social states women commonly bear this badge of 
slavery. Turner tells us that in Samoa the women wore the hair 
short; tbe men wore it long. Among other 1\Ialayo-Polynesians, as 
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the Tahitians and New-Zealanders, the like contrast occurs. Simi- 
larly with the N egrito races. " In New Caledonia the chiefs and in- 
fluential men wear their hair long, and tie it up in a semi-conical form 
on the top of their head. The women all crop theirs close to tbe very 
ears." And cropped heads in like manner distinguish the women of 
Tanna, of Lifu, of Vate; and also the Tasmanian women. A kindred 
mode of signifying filial subordination may be added. Yielding up 
of hair once formed part of the ceremony of adoption in Europe. 
" Charles }Iartel sent Pepin, his son, to Luithprand, King of the Lom- 
bards, that he might cut his first locks, and by this ceremony hold 
for the future the place of his father;" and Clovis, to make peace with 
him, became the adopted son of Alaric, by offering his beard to be cut 
by him. 
While coming thus to imply subjection to living persons, this 
mutilation simultaneously came to imply subjection to dead persons. 
How the yielding up of hair to the dead is originally akin to the 
yielding up of a trophy is well shown by the Dakotas: "The men 
shave the hair off their heads, except a small tuft on the top [the 
scalp-lock], wbich they suffer to gro\v and wear in plaits over the 
shoulders; the loss of it is the usual sacrifice at tbe death of near re- 
lations:" that is, they go as near as may be to surrendering their 
scalps to the dead. The meaning is again seen in the account given 
of the Caribs : "As their bail' thus constituted their chief pride, it 
was an unequivocal proof of the sincerity of their sorrow, when, on 
the death of a relation or friend, they cut it short like their slaves and 
captives." Everywhere among the uncivilized, kindred forms occur. 
N or was it otherwise with the ancient bistoric races. By the Hebrews 
making "baldn
ss upon their beads" was practised as a funeral rite, 
as was also shaving off "the corner of their beard." Similarly by 
Greeks anà Romans, "the hair was cut close in mourning." In 
Greece the meaning of this mutilation was recognized. Potter l'e- 
marks: " We find Electra in Euripides finding fault with Helena for 
sparing her locks, and thereby defrauding the dead; and he cites the 
statement that this sacrifice of hair (sometimes laid upon the grave) 
was" partly to render the ghost of the deceased person propitious." 
A significant addition must be made: "For a recent death, the 
mourner's head was shaved; for an offering to the long-dead, a single 
lock was cut off." 
Naturally if, from propitiation of the dead, some of whom become 
deities, there grows up religious propitiation, tbe offering of hair may 
be expected to reappear as a religious ceremony; and we find that it 
does so. Already, in the just-named fact that, besides hair sacrificed 
fit a Greek funeral, similar though smaller sacrifices were made after- 
ward, we see the rise of tbat recurring propitiation characterizing 
worship of a deity. And when we furth
r read that an10ng the 
Greeks "on the death of any very popular personage, as a general, 
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it sometimes happened that an the army cut off their hair," we are 
shown a step toward that propitiation 1y unrelated members of the 
community at large, which, when it becomes established, is a trait of 
religious worship. Hence certain Greek ceremonies. "The cutting 
off of the hair, ,vhich 'was always done when a boy became an llþ1Jpoç, 
,vas a solemn act, attended with religious ceremonies. A libation was 
first offered to flercules, . . . and the bail' after being cut off was 
dedicated to some deity, usually a river-god." So, too, at the first 
time of shaving anlong tbe Roman
, "the hair cut off on such occa- 
sions was consecrated to some god." 
Sacrifice of hair was an act of worship w'ith the IIebrews also. 
'Ve are told of" fourscore men, baving their beards shaven, and their 
clothes rent, and having cut themselves, with offerings and incense in 
thcir band, to bring tbem to tbe house of the Lord; " and J{rehl gives 
sundry kindred facts concerning the Arabians. 
Curious modificm:,ions of the practice occurred in Peru. Snlall 
sacrifices of hair were continual. "Another offering," ,,-rites Ð' Acosta, 
is ., pulling out the eyelashes or eyebrows and presenting them to 
the sun, the hills, the com bles, the winds, or whatever they are in fear 
of. . . . On entering the temples, or when they were already within 
theIn, they put their hands to their eyebrows as if tiley "Tonld pull 
out the hairs, and then made a motion as if they were bl01ving them 
toward the idol "-a good instance of the abridgment 'which cere- 
monies habitually undergo. Lastly, when, in presence of a national 
calamity, extreIllO propitiation of a deity is to be made, ,ve sometimes 
find even the ruler sacrificing his hair. During an eruption of the 
great volcano in Hawaii, all other offerings baving failed to appease 
the anger of the gods, " the king I{amehameha cut off part of his own 
hair, which was considered sacred, and threw it into the torrent [of 
lava], as the most valuable offering." 
One further development remains: this kind of sacrifice becomes 
in some cases a social propitiation. 'V reaths of their own hair plaitell 
were besto'wed upon others as marks of consideration by the Tahi- 
tians. In France, in tbe fifth and sixth centuries, it was usual to pluck 
out a few hairs from the beard on approaching a superior, and pre- 
sent them; and this usage was occasionally adopted as a Inark of con- 
descension by a ruler, as when Clovis, gratified by the visit of tbe 
Bishop of Toulouse, gave him a hair from his beard, and was imitated 
in so doing by his follo,vers. Afterw'ard the usage had its meaning 
obscured by abridgment: in the times of chivalry one mode of sho,v- 
ing respect was to tug at the mustacbe. 


Already, when treating of trophies, and wben finding that those 
of the phallic class, major and minor, had the same nleanings as the 
rest, the "Tay "Tas opened to explain the mutilations next to be dealt 
with. We have seen that, "hen the vanquished were not killed but 
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preserved as slaves, it became imperative that the taking of trophies 
from them should neither endanger life nor be highly injurious; and 
that hence, instead of jaws, teeth were taken; instead of hands, fin- 
gel's; instead of scalps, hair. Similarly, in this case, the fatal mutila- 
tion disappearing left only such allied mutilation as did not seriously, 
or at a1J, decrease the value of the enslaved enemy. 
That castration ,vas initiated by trophy-taking I find no direct 
proof; but there is direct proof that prisoners have in some cases been 
treated in the way that trophy-taking of the in1plied kind ,vould en- 
tail. Of Theobald, l\iarquis of Spoleto, we read in Gibbon that" his 
captives. . . . were castrated without mercy;" and, for thinking that 
there was once an enforced sacrifice of the kind indicated made to a 
conqueror, there is the further reason that we find a parallel sacrifice 
made to a deity. At the annual festivals of the Phrygian goddess 
Amma [Agdistis]," it ,vas the custom for the young men to make 
themselves eunuchs with a sharp shell, crying out at the same time, 
'Take this, Agdistis !'" There was a like practice among the Phæni- 
cians; and Brinton names a severe self-mutilation of the ancient l\lex- 
ican priests which seems to have included this. Coming in the way 
shown to imply subordination, this usage, like many ceremonial usages, 
11as in some cases survived ,vhere its meaning is lost. The Hottentots 
enforce semi-castration at about eight or nine years of age; and a 
kindred custom exists an10ng the Australians. 
Naturally, of this class of mutilations, the less serious is the more 
prevalent. Circumcision occurs among unallied races in all parts of 
the world-among the l\Ialayo-Polynesians in Tahiti, in Tonga, in 
l\Iadagascar; among the N egritos of New Caledonia and Feejee; 
among African peoples, both of the coast and the interior, from N orth- 
ern Abyssinia to Southern Caffre-land; in An1erica, among some 

Iexican peoples, the Yucatanese, and the people of San Salvador; 
and ,ve meet with it again in Australia. Even apart fron1 the fact 
that their monUlnents prove it to have been practised by the Egyp- 
tians from their earliest recorded times, and even apart from the reasons 
for believing that it prevailed among the Arabian peoples at large, 
these proofs tbat circumcision is not limited to region or race suffi- 
ciently dispose of the current theological interpretation. They suffi- 
ciently dispose, too, of another interpretation not uncommonly given; 
for a general survey of the facts shows us that, while the usage does 
not prevail among the most cleanly races in the world, it is common 
among the most uncleanly raceR. CorÏtrnriwise, the facts taken in the 
mass are congruous with the general theory thus far verified. 
It was shown that among the Abyssininns down to recent times 
the trophy taken by circumcision fronI an enemy's dead body is pre- 
sented by each warrior to his chief, and how all such trophies taken 
after a battle are eventually presented to the king. If the vanquished 
enemies, instead of being killed, are Inaä.e slaves, anel if the warriors 
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who have vanquished them continue to present tbe usual proofs of 
their prowess, there must arise tbe circumcision of living captives, 
who thereby become marked as subjugated persons. A further re. 
suIt is obvious. As the cbief and tbe king are propitiated by bring- 
ing them these trophies taken from their foes, and, as the primitive 
belief is that a dead man's gbost is pleased by whatever pleased 
the man wben alive, there will naturally follow a presentation of 
such trophies to the ghost of the departed ruler. And then where in 
a bighly.militant society governed by an absolute despot, divine by 
descent and nature, who, owning the entire population, requires th
m 
all to bear this badge of servitude, and who, dying, has his dreaded 
ghost anxiously propitiated, we may expect that the offering of these 
trophies taken from enslaved enemies to the king win develop into 
the offering of like trophies taken from each generation of male citi- 
zens to the god in acknowledgment of tbeir slavery to him: Hence, 
when J.\tIovers tells us that among the Phænicians circumcision 'was 
"a sign of consecration to Saturn," and when proof is given that of 
old the people of San Salvador circumcised" in the Jewish manner, 
offering the blood to an idol," we are shown just tbe results to be an- 
ticipated as eventually arising. 
rrhat this interpretation applies to the custom as made known to 
us in the Bible, there is clear evidence. We have already seen that 
the ancient Hebrews, like the modern Abyssinians, practised the form 
of trophy-taking which necessitates this mutilation of the dead ene- 
my; and, as in the one case, so in the other, it follows that the van- 
quished enemy, not slain, but made prisoner, will by this mutilation 
be marked as a subject person. That circumcision was among the 
Hebrews the stamp of subjection, all the evidence proves. On learn- 
ing that among existing Bedouins, as Mr. Pal grave shows, the only 
conception of God is that of.a powerful living ruler, the sealing by 
cireumcision of the covenant between God and Abraham becomes a 
comprehensible ceremony. There is furnished an explanation of the 
fact that, in consideration of a territory to be received, tbis mutila- 
tion, submitted to by Abraham, implied that" the Lord" was" to be 
a god unto" him; as also the fact that the mark was to be borne not 
by bim and his descendants exclusively, as favored individuals, but 
also by slaves not of his blood. And, on remembering that in primi- 
tive beliefs the returning double of the dead potentate is believed to 
be indistinguishable from the living potentate, we get an interpreta- 
tion of tbe otherwise strange tradition narrated in Exodus concerning 
God's anger with !Ioses for not circumcising his son: "And it came 
to pass by the way in the inn tbat the Lord met l\Ioses, and sought to 
kin him. Then Zipporah took a sbarp stone, and cut off the foreskin 
of her son, and cast it at his feet." That circumcision among the 
Jews was a mark of subordin
tion to Jahveh is further implied by the 
facts that under the foreign ruler Antiocbu8, who brought in foreign 
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gods, circumcision was forbidden, and those who, persevering in it, 
refused obedience to these foreign gods, were slain; while contrari- 
wise }Iattathias and his friends, loyal to the god of their fathers, and 
rebelling against foreign rule and worship, are said to have gone 
"round about, and pulled down the altars: and what children soever 
they found within the coast of Israel uncircumcised those they circum- 
cised valiantly." Moreover Hyrcanus, having subdued the Idumeans, 
made them submit to circumcision 3S a condition of remaining in their 
country; and Aristobulus similarly imposed the mark on the con- 
q uered people of Iturea. 
Quite congruous are certain converse facts. }Iariner states that 
Tooitonga (the great divine chief of Tonga) is not circumcised, 3S all 
other men are: being unsubordinated, he does not bear the badge of 
subordination. And with this I may join a case in which whole tribes 
belonging to a race ordinarily practising circumcision are uncircum- 
cised where they are unsubordinated. Naming certain Berbers in 
Morocco as thus distinguished, Rohlfs says: "These uncircumcised 
tribes inhabit the Rif }Iountains. . . . All the Rif mountaineers eat 
wild-boar, in spite of the Koran law." 


Besides Inutilations entailing SODle loss of flesh, bone, skin, or hair, 
there are mutilations which do Dot imply a deduction-at least not a 
permanent one. Of these we may take, first, one which sacrifices a 
liquid part of the body, though not a solid part. 
Bleeding as a mutilation has an origin akin to the origins of other 
mutilations. Did we not find that some uncivilized tribes, as tbe Sa- 
moyeds, drink the warm blood of animals-did we not find among ex- 
isting cannibals, such as tbe Feejeeans, proofs that savages drink the 
blood of still-living human victims-it would seem incredible that 
from taking the blood of a vanquished enemy was derived the cere- 
mony of offering blood to a ghost, and to a god. But when to ac- 
counts of horrors like these ,ve join accounts of kindred ones wllich 
savages commit, such as that among the Amaponda Caffres "it is 
usual for tbe ruling chief, on his accession to the government, to be 
washed in the blood of a near relative, generally a brother, who is 
put to death on the occasion;" and 'when we infer that, before tlle 
rise of civilization, the sanguinary tastes and usages now exceptional 
were probably general, we may suspect that from the drinking of 
blood by conquering cannibals there arose some kinds of blood-offer- 
ings-:,tt any rate, those of blood taken from immolated victims. Pos- 
sibly some offerings of blood from the bodies of living persons are to 
be thus accounted for; but those w'hich are not are explicable as se- 
quences of the widely-prevalent practice of establishing a sacred bond 
of mutual obligation between living persons by partaking of each 
other's blood-the derived conception being tbat those who give some 
of their blood to the ghost of the man just dead and lingering near 
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effect with it a union which on the one side implies submission, and 
on the other side friendliness. 
On this hypothesis Vle have a reason for the great prevalence of 
self-bleeding as a funeral-rite, not among existing savages only, but 
among ancient and partially-civilized peoples-the Jews, the Greeks, 
the lIuns, the Turks. We are shown how there arise kindred rites as 
permanent propitiations ()f those more dreaded ghosts .which become 
gods-such offerings of blood (now taken from slain victinls, now 
from their own bodies, and no.w from their ne'wly-born infants) as 
tbose "rhich the 1\lexicans gave the idols of their cannibal deities; 
such offerings as were implied by the self-gashings of tbe priests of 
Baal; and such as were sometimes made even in propitiating J ahveh- 
as by the fourscore men who came from Shechem, Shiloh, and Samaria. 
l\loreover, the instances of bloodletting as a complimentary act in 
social intercourse cease to be inexplicable. During a Samoan mar- 
riage-ceremony tbe friends of the bride, to testify their refoipect, 
" took up stones and beat themselves until their heads ,vere bruised 
and bleeJing." In his account of the Central Americans, :àlartyr 
says, "When the Indians of Potonchan receive new friends, . . . as 
a proof of friendship, they, in tIle sight of the friend, draw some blood 
. . . . from the tongue, hand, or ann, or from some other part." 
Here, bowever, my purpose in naming these offerings of LJood 
under the head of mutilations is not so much to show their kinship of 
origin as to prepare the way for explaining the mutilations which re- 
sult from them. 


Gashings and tearîngs of the flesh make wounds which leave scars. 
If the blood-offerings which entail them are made by relatives to tbe 
departed spirit of an ordinary person, these scars are not likely to 
l}ave any permanent significance; but, if they are made in propitia- 
tion of some deceased chief, not by his relatives alone, but by unre- 
lated members of the tribe who stood in awe ofJÜm and fear his ghost, 
then like other mutilations they become signs of subjection. The 
Huns who "at the burial of Attila cut their faces "rith hollow 
wounds," in common with the Turks ,vho did the like at royal fu- 
nerals thus inflicted on themselves mal'ks which thereafter distin- 
, 
guisbed them as servants of their respective rulers. So, too, did the 
Lacedæmonians who "when their kinO' died , had a barbarous custom 
, , b 
of meeting in vast number
, where men, women, and slaves, all mixed 
together, tore the flesh from their foreheads with pins and needles 
. . . . to gratify the ghosts of the dead." Customs of this kind would 
sometimes have further results. With the apotheosis of some notable 
king whose conquests gave him the character of founder of the na- 
tion, such marks
 borne not by his contemporary followers only, but 
imposed by them en their children, might become national marks. 
That the scars caused by propitiatory bloodletting at funerals do 
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become recognized as binding to the dead those who bear them, and 
do develop in the way alleged, we have tolerably good evidence. The 
command in Leviticus, " Ye shall not make any cuttings in your flesh 
for the dead, nor print any marks upon you," show8 us tbe usage in 
that stage at which the scar left by sacrifice of blood is still a sign 
partly of family subordination and partly of other subordination. 
And the traaitions of the Scandinavians show us a stage at ,vhich it 
betokens allegiance either to an unspecified supernatural being, or to 
a deceased ruler who has become a god. Odin," when be was near 
his death, made himself be marked with tbe point of a spear;" and 
Niort "before he died made himself be marked for Odin with the 
s pear- point." 
That scars on the surface of the body, thus coming to express loy- 
alty to a deceased father or a deceased ruler, or a god derived from 
him, initiate, among other disfigurements, those we class as tattooing, 
is a probable inference. Lacerations, and the traces they leave, are, 
certain to take different forms in different places. The Andaman-Isl- 
andel's" tattoo by incising the skin with small pieces of glass, without 
inserting coloring-matter, the cicatrix being whiter than the sound 
skin." Some natives of Australia have ridges raised on this or tbat 
part of the body, while others brand themselves. In Tanna the peo- 
ple make elevated scars on their arms and chests. And Burton, in his 
" Abeokuta," says: "The skin-patterns were of every variety, from 
the diminutive prick to the great gash and the large, boil-like lumps. 
. . . In this country every tribe, sub-tribe, and even famiJy, has its 
blazon, whose infinite diversifications may be compared with the lines 
and ordinaries of European heraldry-a volume would not suffice to 
explain all the marks in detail." Naturally, among the various skin- 
mutilations originating in the way alleged, many will, under the 
promptings of vanity, take on a character more or less ornamental; 
and the use of them for decoration 'will often survive when their 
meaning has been lost. 
Hypothesis apart, we have proof that these marks made by cut- 
ting gashes, or puncturing lines, or raising welts, or otherwise, are in 
many cases tribal marks-as they would, of course become if they 
were originally made when binding themselves by blood to the dead 
founder of the tribe. A clear exhibition of the feeling implied by 
the bearing of marks is contained in a statement Bancroft makes re- 
specting the Cuebas of Central America: "If the son of a chief de- 
clined to use the distinctive badge of his house, be could, when he be- 
came chief, choose any new device he might fancy. A son who did 
not adopt his father's totem was always hateful to him durinO' his life- 
time." And if the refusal to adopt th
 family-mark where it 
 painted 
on the body is thus regarded as a ldnd of disloyalty, equnl]y will it 
be so when the mark is one that has arisen from modified lacerations. 
and such refusal ,vill be tantamount to rebellion where tbe mark sig
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nifies descent from, and submission to, some great father of the race. 
IIence, then, the- meaning of such facts as the following: "All these 
Indians," says Cieza of the ancient Peruvians, "wear certain marks 
by which they are known, and which were used by their ancestors. 
. . . Both sexei of the Sandwich-Islanders have a particular mark 
(tattooed) which seems to indicate the district in which, or the chief 
under whom, they lived." Of the U aupes, "one tribe, the TucánoA, 
are distinguished from the rest by three vertical blue lines on the 
chin." 
That a special form of tattooing becomes a tribal mark in the .way 
suggested, we have, indeed, some direct evidence. Among sundry mu- 
tilations undergone as funeral-rites, at the death of a chief among the 
Sand wich-Islanders, such as knocking out teeth, cutting the ears, cut- 
ting hair, etc., one is tattooing a spot on the tongue. Here we see 
this mutilation acquiring the signification of allegiance to a ruler who 
has died; and then when the deceased ruler, unusually distinguished, is 
apotheosized, the tattoo-mark becomes the sign of obedience to him 
as a deity. ""\Vith several Eastern nations," says Grimm, " it was a 
custom to mark one's self by a burned or incised sign as adherent to 
a certain worship. . . . Philo complains of his country-people in this 
respect." It was thus with the Hebrews. Bearing in mind the 
above-quoted interdict against marking themselves for the dead, we 
shall see the meaning of the words in Deuteronomy-" They have cor- 
rnpted themselves, the spot is not the spot of his children: they. are a 
perverse and crooked generation." And that such contrasted spots 
as are here referred to ,\\rere understood in later times to imply the 
service of different deities is suggested by passageB in Revelation, 
where an angel is described as ordering delay" till we have sealed 
the servants of our God in their foreheads," and where "an hundred 
and forty and four thousand, haying his Father's name "rritten in 
their foreheads," are described as standing on l\Iount Sion, while an 
angel proclaims that, "if any man worship the beast and his image, 
and receive his mark in his forehead, or in Lis hand, the same shall 
drink of the wine of the wrath of God." Down t@ the present day in 
the Ea
t like marks have like meanings. Thomson, after specifying 
the method of tattooing, says: "This practice of marking religious 
tokens upon the hands and arms is almost universal among the Arabs 
of all sects and classes. Christian pilgrims to Jerusalem have the 
operation performed there, as the most holy place known to tl}eir re- 
liO'ion." And still more definite is the statement of KaUsch, that 
t'" 
"Christians in some parts of the East, and European sailors, were 
long in the habit of marking, by means of punctures and a black dye, 
their arms and other members of the body \vith the sign of the cru- 
cifix or the image of the Virgin; the 
Iobammedans mark them with 
the name of Allah." So that down to our own tin1e among advanced 
races we trace in these skin-tTIutilations meanings like those avowedly 
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given to them in ancient )Iexico, where, when a child was dedicated 
to Quetzalcohnatl, "the priest made a slight cut with a knife on its 
breast, as a sign that it bc10nged to the cult and service of the god," 
and, like those still avowedly given to them by negroes in Angola, 
where in many regions every child as soon as born is tattooed on the 
l)elly, in order thereby to dedicate it to a certain fetich. 
A significant group of evidences must be added. We have seen 
that, where cropped hair implies servitude, long hair becomes an hon- 
orable distinction; that, shorn beards being marks of subordination, 
unshorn beards are marks of supremacy; and that, occasionally, in 
opposition to circumcision, as associated with subjection, there is 
absence of it along with the highest power. Here we have a parallel 
antithesis. The great divine chief of the Tongans is unlike all other 
men in Tonga, not only as being uncircun1cised, but al
o as being 
untattooecl. Elsewbere classes are sometimes thus distinguished. 
Burton says of the people of Banza N okkoi, on the Congo, that those 
who are tattooed" are generally slaves." And in this relation there 
may be significance in the statement of Boyle that "the ICyans, 
Pakatans, and Kennowits, alone in Borneo practise tattooing, and 
these are the three aboriginal races least esteemed for bravery." 
Not, however, that distinctions implied by tattooing and its absence 
are at all regular: we here meet with anomalies. Though in some 
places showing social inferiority, tattooing in other places is a trait 
of the superior. While in Feejee only the women are tattooed-while 
in Tahiti t.here is tattooing of both men and women, in the Sandwich 
Islands the men are more tattooed than the women. Sometimes the 
presence of this skin-mutilation is evidence of high rank. "In the 
province of Panuco, the noblemen were easily to be distinguished, 
as they had their bodies tattooed." But the occurrence of anomalies 
is not surprising. DUl'ing the pe
petual overrunnings of race by 
race, it must sometimes have happened that, an untattooed race hav- 
ing been conquered by one ,vhich practised tattooing, the presence of 
these markings became associated with social supremacy. l\Ioreover, 
since, along with dispersions of tribes and obscurings of their tra- 
ditions, the meanings of mutilations win often die, while they them- 
selves survive, there may not unnaturally occur developments of 
them for purposes of display, tending to reverse their original sig- 
nificance; as seems implied by tbe statement of Angas that" tattooing 
is a class distinction among the New-Zealanders; the faces of slaves 
bave not the spiral tattooing;" or that of Dobrizhoffer, that "every 
Abiponian WOlllan you see has a different pattern on her face. Those 
that are most painted and pricked you may kno,v to be of high rank 
and noble l>irth." 
But. a further cause exists for this conflict of meanings. There 
remains to be named a specieR of skin-lnuti1ation having another ori- 
gin and different implication. 
VOL. XII.-42 
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Besides scars resulting from lacerations made in propitiation of 
dead relatives, dead chiefs, and deities, there are scars resulting from 
wounds received in battle. The presence of many such implies many 
conflicts ,vith enemies; and hence, all the world over, they are held 
in honor and displayed ,vith pride. The sentin1ent associated with 
them among ourselves in past times is indicated in Shakespeare by 
sundry references to "such as boasting show their scars." Lafeu 
says, " A scar nobly got, or a noble scar, is a good livery of honor; " 
and Henry V. foretells of an old soldier that "then will be strip bis 
sleeve and show his scars." 
Animated as are savages in still higher degrees than civilized by 
the feelings thus indicated-having 1)0 other kind of honor than t]1at 
derived from the reputation for bravery-what Juay be expected to 
result? Will not the anxiety to bear honorable scars sometimes lead 
to the artificial making of scars? "T e have evidence that it does. 
Lichtenstein tells us that the priest among the Becbuanas makes a 
long cut in the skin from the thigh to the knee of each warrior who 
has slain some of tbe enemy in battle. There is a kindred usage 
among the Bachapin Caffres. Among the Damaras, "for every wild 
animal tbat. a young man destroys, his father makes four small inci
 
sions on the front of the son's body as marks of honor and disti11ction." 
And then Tuckey, speaking of certain Congo people who make scars, 
says that this is "principally done with the idea of rendering them- 
selves agreeable to the ,vomen:" a motive which is intelligible if such 
scars originally passed for scars got in war, and implying bravery. 
American races yield some evidence of like meaning. 'We read that 
"the Itzaex Indians [in Yucatan] have handsome faces, though some 
of them were marl{ed \vith Jines as a sign of courage." Facts fur- 
nished by other American tribes suggest that the infliction of torture 
on entering maturity originated from the habit of making scars 
artificiaIJy in imitation of scars bequeathed by battle. If self-injury 
to avoid service in ,var has in all times been frequent among those 
lacking courage, we may reasonably infer that among the more coura- 
geous, who have received no wounds, selt:'injury n1ight be not unfre- 
quent, where there 'was gained by it tbat character for bravery de- 
sired above everything. Though at first secret and exceptional, the 
reputation achieved might make it gradually more common and at 
length general; until, fin al1 y, public opinion, vented against those 
who did not follow it, made the usage peremptory. \Vhen "\ve read 
in Dobrizhoffer that, among the Abi})ones, "boys of seven years old 
pierce their little arms in imitation of their parents, and display 
plenty of ,vounds," we are shown the rise of a feeling, and a con- 
sequent practice, which, growing, may end in a system of initiatory 
tortures at manhood. Hence, when of tbe Arawaks Schomburgk 
tens us that after a 1\fariquarri dance the blood win be running down 
their swollen calves, and strips of skin and muscle hang down the 
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nlangled limbs, ,ve may suspect that in this and kindred self-muti- 
lations we see an outcome of the ambition to bear honorable scars. 
Though, when the scar
, being borne by all, are no longer distinctive, 
discipline in endurance comes to be the reason given for inflicting 
them, this cannot well have been the original reason; sÍnce primi- 
tive men, improvident in all ways, are very unlikely to have delib- 
erately devised and instituted a usage with a view to a foreseen dis- 
tant benefit: the assumption of anything like a legislative act is in- 
admissible. 
However this may be, we have here a second origin for certain 
kinds of mutilations. And hence a probable reason why markings on 
the skin, though generally badges of subordination, become in some 
cases honorable distinctions and occasionally signs of rank. 


Something must be added concerning a secondary motive for mu- 
tilation; parallel to, or sequent upon, a secondary motive for taking 
trophies. 
In the last chapter we inferred that, prompted by his belief that 
the spirit pervades all parts of the corpse, the savage preserves relics 
of dead enemies partly in the expectation that he will be enabled 
thereby to coerce their spirits-if not himself, still by the help of the 
medicine-man. lIe has a parallel reason for preserving a part cut from 
one whom he has enslaved: both he and the slave think that he so ob- 
tains a power to inflict injury. "\Vhen .we find that the sorcerer's first 
step is to procure some hair or nail-parings of his victim, or else 
some piece of his dress pervaded by that odor which is identified 
with his spirit, it appears to be a necessary corollpry that the master 
who keeps by him the tooth of a slave, a joint of his finger, or even a 
lock of his hair, thereby retains a power of delivering him over to the 
necromancer, who may bring on him one or other fearful evil-torture 
by demons, disease, death. 
Thus it seems possible that, where the part cut off is preserved, 
mutilation has a secondary governmental effect. The subjugated man 
is made obedient by a dread akin to that which Caliban expresses of 
Pro spero's magically-inflicted torments. 


The evidence tl1at bodily mutilation of the living has been a se- 
quence of trophy-taking from the dead, is thus at once abundant and 
varied. As the taking of the trophy implies yictory carried even to 
the death, the derived practice of cutting off a part from tbe living 
prisoner comes to imply subjugation; and eventually the voluntary 
surrender of such a part expresses sublnission, and becomes a propi- 
tiatory ceremony because it does this. 
I-Iands are cut off from dead enen1ies; and, answering to this, be- 
sides some identical mutilations of criminal
, we have the cutting-off 
of fingers or portions of fingers, to pacify living chiefs, deceased per- 
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sons, and gods. Noses are among the trophies taken from slain foes; 
and we have loss of noses inflicted on prisoners, on slaves, on trans- 
gressors of certain kinds. Ears are brought back from the battle- 
field; and occasion all y they are cut off from prisoners, 'criminals, or 
slaves; while there are people among whom pierced ears mark the 
servant or the subject. J a ,vs and teeth, too, are trophies; and teeth, 
in some cases knocked out in propitiation of a dead chief, are, in vari- 
ous other cases, knocked out by a priest as a quasi-religious ceremony. 
J\Iost prevalent and cOll1plete is the evidence furnished by n1utilation 
of the hair. Scalps are taken from lálled enemies, and sometimes 
their hair is used to decorate a victor's dress; and then come Yari
us 
sequences. Here the enslaved have their heads cropped; here scalp- 
locks are w'orn subject to a chief's ownersl1Íp, and these are demanded 
in sign of submission; while, else'where, men are shorn of their beards 
to ornament the robe of a superior: unshorn hair being thus rendered 
a mark of rank. Among numerous peoples, hair is sacrificed to })1'0- 
})itiate the ghosts of relatives; 'whole tribes cut it on the deaths of 
their chiefs or kings; it is yielded up to express subjection to deities; 
occasionally it is offered to a living superior in token of respect; and 
this comp1imentary offering is extended to others. Similarly 'with gen- 
ital mutilations, there is a like takÍJlg of parts from slain enemies and 
from living prisoners; and there is a presentation of them to kings and 
to gods. N or is it otherwise 'with mutilations of another class. Self- 
bleeding, initiated partly, perbaps, by cannibalism, but more exten- 
sively by the mutual giving of blood in pledge of loyalty, enters into 
several ceremonies expressing subordination: w'e find it occurring in 
propitiation of gho
ts and of gods, and occasionally as a compliment 
to living persons. N atural]y it is tbe same 'with tbe resulting marks. 
Originally indefinite in form and place, but rendered definite by cus- 
tom, and at length often decorative, these healed wounds, at first en- 
tailed only on relatives of deceased persons, then on all the followers 
of a man who ,vas n1uch feared while alive, so became n1arks expres- 
sive of subjection to a dead ruler, and eventually to a god: thus 
gro'wing into tribal and national marks. 
If, as we bave seen, trophy-taking as a sequence of conquest enters 
as a factor into those governmental restraints which conquest initiates, 
it is to be inferred that tbe mutilations originated by trophy-taking 
will do the like. The evidence justifies this inference. Beginning as 
marks of personal slavery, and becoming marks of political and reli- 
gious subordination, they playa part like that of oaths of fealty and 
pious self-dedications. 1\Ioreo,'er, being public acknowledgments of 
submission to a ruler, visible or invisible, they enforce authority by 
making conspicuous to all eyes the extent of his sway. And ,,-here 
tl1ey signify class-subordination, as well as where they show tbe sub- 
jugation of criminals, they further strengthen the hands of the regu- 
lative agency. 
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If mutilations originate as alleged, we may expect to find some con- 
nection between the extent to ,vhich they are ea rried and the social 
type as simple or compound, militant or industrial. On grouping the 
facts as presented by fifty-two peoples, the connection emerges with as 
much clearness as can be expected. In the first place, since .the devel- 
opment of mutilation as a custom goes with conquest, and resulting 
aggregation, it is inferable that simple societies, however savage, will 
be less characterized by it than the larger savage societies compound- 
ed out of them, and less than even the semi-civilized societies. This 
proves to be true. Of peoples who form simple societies that prac- 
tise mutilation either not at all or in slight forms, I find, among races 
wholly unallied, eleven - Fuegians, Veddahs, Andamanese, Dyaks, 
Todas, Gonds, Santals, Bodo and Dhimals, 1\fishmis, l{amtchadales, 
Snake Indians; and these are characterized throughout either by ab- 
sence of chieftainship, or by chieftainship of an unsettled kind. J\Iean- 
while, of peoples ,vho mutilate little or not at an, I find but two in the 
class of compound societies; of which one, the Kirghiz, is character- 
ized by a w"andering life that makes subordination difficult, and the 
other, the Iroquois, had a republican form of government. Of societies 
practising mutilations that are moderate, the simple are relatively 
fewer, and the compound relatively more numerous: of the one class 
there are ten-Tasmanians, Tannese, New Guinea people, l{arens, 
N agas, Ostiaks, Esquimaux, Chinooks, Comanches, Chippewyans; 
,vhile of the other class there are five-N ew-Zealanders, East Africans, 
l{honds, l{ukis, Calmucks. And of those it is to be remarked tbat 
in the one class the simple headship, and in the other class the COIn- 
pound headship, is unstable. On. cOIning to the societies distinguished 
by severer mutilations, we find these relations reversed. Among the 
simple I can name but three-tbe New Caledonians (among whom, 
however, the severer mutilation is not general), the Bushmen (who 
are believed to have lapsed froln a higher social state), and the Aus- 
tralians (who have, I believe, similarly lapsed) ; while, anlong the com- 
pound, twenty-one may be named-Feejeeans, Sandwich-Islanders, 
Tahitians, Tongans, Samoans, Javans, Sumatrans, !\Ialagasy, Hotten- 
tots, Damaras, Bechuanas, Caffres, Congo people, coast negroes, in- 
land negroes, Dahomans, Ashantees, Fulahs, Abyssinians, Arabs, 
Dakotas. Social consolidation being habitually effected by conquest, 
and compound and doubly-compound societies being, therefore, during 
early states, militant in their activities and types of structure, it fol- 
lows that the connection of the custom of mutilation ,vith thp size of 
the society is indirect, while that with its type is direct. And this 
the facts show us. If we put side by side those socictips which are 
most unlike in respect of the })ractice of mutilation, we find them 
to be those which are most unlike as being "Tholly unmilitant in 
organization, and wholly milita.nt in organization. At the one ex- 
tremf1 we have the Veddas, Todas, Bodo and Dhimals; 'while, at 
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the other extreme, ""e have the Feejeeans, Abyssinians, ancient J\Iex- 
icans. 
Derived from trophy-taking, and developing with the develo})ment 
of tbe militant type, it is to be anticipated that mutilations decrease 
as fast as tbe societies consolidated by militancy become less militant, 
and disappear as tbe industrial type of structure evolves. That tbey 
do so European history at large may be assigned in proof. And it is 
significant tbat in our own society, no,v predominantly industrial, 
such slight mutilations as continue are connected with that regulative 
part of the organization which militancy bas bequeatbed: tbere sur- 
vive only the now-nleaningless tattooings of sailors, the branding öf 
deserters, and the cropping of the heads of felons. 


... 


TIlE EUCAL1---PTUS IN THE FUTURE. 


By PROFESSOR SA
lUEL LOCKWOOD. 


A LITERARY venture of our boyhood comes upon us like tbe 
aroma of tropical fruit eaten for the first time. An uncle had 
given his eight-year-old favorite a silver sixpence. Never l)efore had 
the youngling possessed so nluch money in his own right. Soon the 
young capitalist found himself confronting the sho})-window of the 
nearest stationer, where his eyes became riveted to a little book- 
"Life and Voyages of La Pérouse," price sixpence. Tbe book .was 
eagerly bought, and it proved an exciting 'Jnorceau. Tbis same Jean 
François de Galaup, Count de la Pérouse, "7hen about thirty-seven 
years old, served in the American Revolution. III 1782 he led a small 
fleet into Hudson Bay, and destroyed the English trading-post. nut 
Louis X VI. found that, ,vhile be had been helping to wrest tbe 
colonies from Great Britain, she ,vas adding to herself new glory, 
and vast territories, by the discoveries of lwr great navigator, Cap- 
tain Cook. So the French monarch dispatched La Pérouse, with t,vo 
sbips, on a mission of exploration in the Pacific. N eitber the bold 
navigator nor any of his men saw home again. Tbe last known of 
tbe expedition was from a letter written by La Pérouse at Botany 
Bay, February 7, 1788. Tbrpe years after, a French squadron was 
sent to search for the great voyageur, but in vain. 'Vith this expedi- 
tion went as naturalist the famous botanist La Bil1ardière. In Tas- 
mania he found tbe most extraordinary arboreal flora he had ever 
seen. Especial1y wonderful for number and size ,vas one tree, to 
which he gave the generic name Eucalyptus, n1ealling " well-covered," 
al1uding to the singular form of the flower-bud, wbich has on it an 
operculum or cover not unlike the lid of a tiny sugar-bowl (see the 
object between the flower and the fruit at foot of Fig. 3). Tbus the 
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unexpanded flower-buc1, being cup-like below and cone-like at top, 
was not dissimilar in form to the globular brass button formerly in 
vocrue and so the blue-crum received from this botanist the specific 
o , 0 
name glob
tl1ts. 


. 



\t 
\\ f(\ ' \ 
/

_
1'\, 
 
..... /' /' /;-..<- \ 

-/
z_
 \ I 
"\"'
 \
I 

1 '\I\\'\ 
 ' \ \

_
 
 \.2' t;)......, 

;> I -X'
 
" :,\ : i'x

',:\
?,\.
-?.;,
 i l'
"'
_ 

 \', I,,' "1 i.l\i..

z:r
/
\ 

 " I tL5 '., 

\, \I\.


'
"'

' 
 \ Jt l ' .
) J }, 

. \...... 
 "Il', .... 
 r )) 
"'î' . ",. " I - 
 

:
i\'. . -s:-:.a" '. 
'"r"* 
 
< "-'.:-..<<
A'" * 
 _+> 
< '.'0.,. '
 , ' 
 


 .:.'
;."t
. '-
 .. _---.. 
j <-... t.r,,
 ." 't '" :
"",,- ---<c
. 
ð..!.. f' 
 ' ," 
_ . 
 
 ll
' \:\I
\' \ 

 
", "S. . 
 
: A\\ ,\
: "" 

 '\ :I I I . U 'ì\
' ", \'
- . \'. 

 ':
\,
\,' 
.
\ 


" I f"'
 I . \ 
I'I\\
I : ' 
I
I 11'1 
\' 'Il\ 
k\

'\ 
 ---,
 = 
i\'l\ 


 -
 


FIG. 1.-EuCALYPTUS PREISSIANA. 


"One tree of the future-one of hope," says Prof. FIÜckiger, 
" may be recognized in Eucalyptus globulus." And the prophecy is 
advancing to fulfillment, for already the eucalypt is becoming a cos- 
mopolitan tree. It was discovered by La Billardière on tbe south of 
the island of Tasmania, near Entrecastenaux Channel, 1\Iay 6, 1792" 
But, though soon after known to science, not until 1856 was it known 
to the arhoriculturists of tbe Old 'V orId. In that year 1\1. Ramel 
sent seeds from 1\Ielbourne to Paris. In 1857, and again in ]860, 
larger supplies arrived, which, being distributed, found their 'way 
over a great part of the civilized world. Of the many varieties of 
eucalypts, the blue-gum, or EUJcalyptus globulus, was tIle first to be 
introduced into Europe; hence, perhaps, it may yet appear that the 
best variety for acclimatization has not received proper attention. 
The EtlCalyptus globulus is only found in TasnIania and Victoria, but 
where found it is really the monopolist of the woods. The forest 
area of Victoria, the most southern colony of Australia, contains 73,- 
000 square miles of forest, of which 71,500 is almost wholly of euca- 
lypts. And so great is the diversity of these trees among themselves, 
that some one hundred and fifty varieties are recognized. This gave 
marked interest to the exhibits of the Australian colonies and Tas- 
mania in the Philadelphia Exposition. But to the student of hUlnan 
progress a noteworthy fact was, that this Eucalyptus figured in the 
contributions of nations to whom the seed even ,vas unknown twenty 
years ago. Eucalyptus woocl
, leaves, oils, essences, gums, etc., 
formed items in the exhibits fronl the south and the north of Africa, 
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tbe Cape Colony and Algeria; tbe Orange Free State, Southern Europe, 
notably :France and Italy, Brazil, the panlpas ûf South America, 
l\Iexico, California, J aU1::Üca, and even India, could have competed. 
Hence it would be no fiction to pronounce to-day that tbe Eucalyptus 
is the cosmopolitan tree. 
But our subject is interesting to three kind
 of observers-the 
economist, or utilitarian, the botanist, and the geologist. Let us ask 
of each one a free-hand sketcb. 
The first, who is a matter-of-fact personage, adduces the economic 
uses of these gum-trees, as the Eucalypts are frequently caUed. 'Yhen 
freshly cut the wood of these trees is soft, but so full is it of a resinous 
gum that it soon hardens, and beconles wel1nigh imperishable. For 
ships, and docks, and jetties, it is invaluable. The terrible Te?'edQ 
navalis, or ship-worm, lets it alone. It is proof also against tbat fear- 
ful scourge the tern1Ïtes, or white ant. Hence, in India, eucal)Tptus- 
wood is used for the sleepers of the railroads, where it defies the in- 
sects and the c1ilnate. So great is the variety of the eucalypts, that 
they are provident for nearly every P\ll"})OSe ,vhich .wood can subserve. 
The ship-builder, ,vheelwrigbt, carpenter, coach-maker, and caLinet- 
n1akers, are all supplied. Usually tbe eucalypts are evergreens, and 
hold tenaciously to their leaves. But they readily shed their bark, 
as a rule, and in such immense pieces can this be detached that the 
natives make a rude tent of a single piece. Of many species the bark 
is serviceable for paper-n1aking. For size no trees can equal these 
Australian gums in tl)e magnitude of the timl)er afforded. A plank 
sent from Victoria, a,nd intended for the London Exhibition, but which 
arrived too ]ate, sold for .:CIOO. It was a clear plank, over 223 feet 
long, two feet six inches wide, and three inches thick. But, though 
excellent timber, some of the species are of little worth for fuel. In 
these the "rood burns ".,.itb such difficulty that it is regarded as spe- 
cially suited for shingles. 
These "gum-trees are the Titans of tbe race. In the deep ravines 
of Dandenong, in Victoria, a Eucalyptus anìygclalina measured 420 
feet; ,vhile another, on the Black Spur, measured 480 feet, thus over- 
topping greatly the PyranÜd of Cheops and every human achievement, 
and even beating by 155 feet the famous Sequoia .qigantea (Torrey) 
(" Keystone State "), the bigge
t of the" big trees" of tbe Calaveras 
grove. 1\11'. G. W. R.obinson found a eucalypt, which, at the height 
of fonr feet from the ground, had a girth of 81 feet, or 27 feet di- 
ameter. It is notable, too, that for amount of timber per acre tbese 
gum-trfles are unmatchable. We read that, in one of the densest parts 
of the 1\lount 
Iacedon state forest, an acre of Eucalyptus fissilis con- 
tained forty-two large standing trees and twelve saplings. 1\Iany of the 
largest of these trees were from six to seven feet in diameter four feet 
from the ground, and were from 200 to 220 feet hig]). Nor do such 
altitudes necessarily indicate a very high antiquity. TIJe rapidity of 
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growth is wonderful. Saplings fifty feet high, and but ten years old, 
are not renutrka.ble. It is declared that seed sown in Jamaica at an 
elevation of 5,000 feet, in 1870, had in 1876 attained a gro,vth of fifty 
feet. We have with our own eyes witnessed throughout an entire 
summer a growth of an inch a day. Koone understood so .well as 
Baron von 
Iüller the nature and capacities of the Eucalyptus. He 
more than all others has made the world acquainted with it. With 
him was a scientific faith that this was the 'world's tree of promise. 
In this tree of Australia he saw the nleans ,vith which to obliterate 
from the hydrographic map the rainless zones, to clothe with wood 
the desolate ranges of Tunis, Algeria, aud l\Iorocco
 and render habi- 
table parts of the Great Sahara, by indefinitely expanding the oases, 
to restore fertility to the Holy Land, to give rain to the Asiatic 
plateau, or the desert of Atacama, and fUi"nish timber and fuel to 
Natal and I.Ja Plata. 
None bettpr than the baron, however, knew that, while able to 
stand great heat, these rapidly-growing eucalypti cannot resist great 
cold, and without these home conditions we must not expect of them 
their home achievements. Even at hOlne the tribe does its best with 
its semi-tropical melnbers. And there is a great range of variety un- 
til we meet even the Alpine species, of slow growth and very modest 
altitude. Skill and patience may do much; but in our country, except 
in a few favored spots, little can be hoped of the semi-tropical varieties 
north of latitude 30 0 , until acclimatization shall have been effected. 
But it is claimed for the eucalypts that their presence is hygienic, 
or sanatory, especially in malarial regions. That the E. globulus has 
earned by fair experiment its name of fever-tree, as a preventive, 
seems now to be settled. Its rapid growth must make it a great 
drainer of wet soils, ,vhile its marked terebinthine odor may have its 
influence, and it is highly probable that the liberation of this essence 
into the air stands connected with its generation of ozone. But, 
whatever the sanatory activities of the eucalypt may be, the fact is 
squarely settled that spots in Ita]y, uninhabitable because of malarial 
fever, have been rendered tolerable by the planting of E. glob'lll'lls, 
and it is believed that a more plentifl
l planting would nearly if not 
quite remove the difficulty. A military post is mentioned in Algeria, 
in which the garrison had to be changed every five days, such was 
the virulence of the malaria. . A plantation of eucalypts cleared the 
miasma nearly away, and rendered unnecessary the frequent changes 
of tbe garrison. In this case 60,000 trees were planted. 
But the eucalyptus has not a few medicinal virtues. Its oils and 
essences are antiseptic. Diffused in the sick-room, they purify the air 
and generate ozone. Already they have taken their places in the 
materia medica as very important internal medicines. The leaves 
contain the essence eucalyptol, and a resinous solid containing a bitter 
})rinciple not yet understood, and which seems to afford the antifebrile 
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virtue; hence 
n extract from the leaves, either aqueous or alcol}olic, 
is used as a febrifuge. As a tonic, ,vater may be aromatized by a 
slight infusion of the leaves. .A, liquor similar to that of mastic can 
be produced, and the })harnlacy gives instructions for making a tonic 
eucalyptal ,vine. Some of the species are tapped for the sap, and 
gum-tree cider is obtained; the leaves of others yield manna. The 
famous East India kino of con1mer
e, obtained from the Pterocarpu8 
mars1lpiu'Jì
, a lofty legulne gro,villg on the mountains of India, no,v 
finds a ri val in the Botany Bay kino, the concrete juice of the brown 
gum-tree (Eucalyptus res in ifera ), of w bich it is said that a single tree 
is capable of furnishing 500 pounds of kino in a year. In a .word, in 
the modern pharmacopæia, eucalyptus, with its many preparations, 
occupies considerable space. A very interesting instance of ,vhat the 
therapeutist calls" masking" is an application of the oil of eucalypt 
for the deodorizing and aromatizing of cod-liver oil, thus rendering 
palatable and even additionally tonic this repulsive medicine. 
At the Intercolonial Exhibition of 1866, in Australia, Baron yon 
1\Iüller caused to be exhibited, as from the Phyto-Cbemical Labora- 
tory of v
ictoria, tannic acid, gallic acid, pure wood-spirits, }n1re acetic 
acid, distilled wood-vinegar, and other products, obtained from 
several species of eucalyptus. 1\11'. Bosisto, a chemist of '
ictoria, 
sent to the Philadelphia Exhibition tbe fo]]owing products of the one 
species (E. globulus): Essential oil-a tonic, stilnulant, antiseptic, an. 
thelmintic; eucalyptol, for inhalation in bronchial or throat affec- 
tions; eucalyptic acid; liquor of eucalyptus globulus-stimulant in 
ague or low fever; tincture of eucalyptus globulus-stimulant, tonic, 
antiperiodic; powder of eucalyptus globul.us-antisf'ptic, cataplasn1a ; 
cigarettes of eucalyptus globulus-disinfectant, employed in bronchial, 
or asthmatic affections. But many nlysteries are waiting solution in 
the laboratory of the phannacist. N e,v substances are to be discov- 
ered, and those already kno,vn will be better understood; all .w}jich 
revealinO's will be as new fruits on this tree of the future. . 
b 
But let U
 hear the botanist's story. He says tbe thing has been a 
good deal of a bother to hitn; that he thought these gum-trees of 
Australia ,vere pretty much like the animal
 there, specimens of N a- 
ture's j()ke
. Indeed, we finel a recent aut})ority saying, "Nine.tenths 
of the 8,000 species of plants in Australia are unknown elsewhere, and 
entirely unconnected with the fOrIn
 of vegetation of any other division 
of the world." And then to think of the great \'ariety of forms in this 
one genus, Eucalyptus. In olle the leave
, six or seyen inches long, 
are but a quarter of an inch wiele, ahnost grass-like; while the leayes 
of the mf'ssmate, or E alnygdalina, are almond-shape, and nearly as 
'wide as they are long. Thû5e of E. p'J"eissiana are bluntly rounded 
at tbe ends (Fig. 1), while the big-berry-gum-trfle, E. mac'ì'ocærpa 
(Fig. 2), has ,vide leaves 'with nl1.lCronate l)oints. Compare these with 
the outline Fig. 3 of .E. globulus, with its sickle-shaped It:aves, ten 
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inches loner in the 8pf'cill1Cn froln which this was sketched. Alluding 
0' . 
 
to the difficulty in defining the species, ''''T ool1s f'ays, "BotanIsts, troll1 
Robert Brown to Baron l\luller, have endeavored to reduce the vary- 
ing fonns to systematic arrangement," but ,vithout success. And a 
vast amount of acumen and ingenuity has been brought to the task; 
such as the consideration of the operculum or cap of the flower-bud, 
and the length of the pistil. Compare the long pistil in the seed-ves- 
sel of E. Preissiana, left side of Fig. 1, with the short Olle in the 
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FIG. 2.-EuCALYPTUS lliCROCARPA. 


flow'er of E Globulus, in Fig. 3. The form of the anthers and the 
seed-vessels, and the texture of the bark, have all been taken as fac- 
tors of the problem. 
Owing to the bluish-green of its leaves, E. globulus is popularly 
known as the blue-gum tree. Abroad it is 1nost known outside of its 
systenlatic naJne as the Tasmanian gum-tree, and Australian fever-tree. 
Among the settlers, gum-tree is the general llaIne of the (lucalypts. 
But, as might be expected of a genus so nUlnerous in species, there are 
many trivial names, such as hlue-guIn, brown-gum, the reel and the 
,vhite JI]ahogany, stringy-bark, and iron-bark, etc. The botanists 
reckon 150 varieties. These all belong to the great order lJIyr- 
taceæ, or myrtle-blooms. And a decidedly respectable relationship 
have these trees ,vbich sbed " their medicinal gum," for they are close 
cousins to the well-known nlyrtle, the pomegranate, pilnento, or all- 
Bpice, cajeput, and clove. The flowers of this order are known in 
their structure as calycifloral. Perhaps this curious blending, or con- 
fusion, of the calyx and the corona, is shown most interestingly in tIle 
flowers of these eucalypts. The calyx is really in two distinct parts, 
a woody cup below with an operculum or lid above. (See middle fig- 
ure, bottom of cut 3.) 'Vhcn the flower is ready to open it pushes 



668 THE POPULAR SOIENOE .J.VONTHLY. 


up, and thrusts off the calyx-cover, which falls to the earth, carrying 
,,
ith it the duhious corolla, which is intimately united to it on its inside. 
Thus, ,,?hat is left is the lower part of the calyx, ,vhich is really a 
\voody cnp, with its pistillate organs in the centre. But, though a 
cup-like body, it has four rib-like markings on the outer side, which 
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plainly indicate the sepaloid divisions. Look at the fruit, or seed- 
capsule, which is given about the natural size at the bottom and to 
the right of Fig. 3. Bristling from the inner rim or edge of the calyx, 
stand the thread-Hke stamens, each with its golden anthers atop, 
making a showy display for what would otherwise be, from its extrenle 
simplicity, a very unhandsome flower. 
The growth of the young eucalypt affords son1e points of strange in- 
terest. There is the rapidity of growth of the three species which have 
been best tried, and 'which certainly will figure largely as the world's 
future timber-trees: E. globulllS, the blue-gum; E. gigantea, the 
stringy-bark; and E. a'JÎ
ygclalina, the raessmate, or peppermint-tree. 
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The one best known in experiments at accliInatizing is the blue-gum. 
We have followed its growth from seeds planted by ourselves. I
ast 
October we saw in the back-yard of Dr. It. E. I(unzè, of this city, 3 
eucalypt scarcely a year old, and over t\\
elve feet in height. For four 
or five months it a\yeraged an inch a day. Blue-gunls but seven years 
from the seed have been known to reach a height of sixty-five feet, 
with a girth of steIn near the ground of forty-five inches. 
But, for all this rapidity of growth, the young eucalypt seeIns to 
be doggedly resolved that for some years at least it shall resemùle its 
parent in no particul3r save one, namely, the arOlllatic odor of its 
leaves. 
Suppose we compare Figs. 3 and 4, the one representing a young 
eucatypt, and the other an adult-that is, one old enough to bear 
flowers and seeds. Notice the stem of the young trep, Fig. 4, that it 
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i:; square, or four-sided, like those of the labiates, or 
Iint fan1i}y 
of plants. On each side of this square steIn is a depression within 
whi
h the leaf is attached, ,,'hich, technically, may be said to' be am- 
plexicaul, or embracing, as it half surrounds the stem, and this at 
some disaa\Tantage, since tbe attacbnlcnt is not at the angle, but :flush 
up
n the side of the stem. The leaf is sessile, having no appreciable 
l)etiole or foot-stalk. And the leaves are opposite, so that eacb pair 
is set at right angles, or crosswÏ::;e to the pair next below it or next 
above it. And the leaves are cordate, or heart-shaped, being deeply 
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notched at the base, so that the lobes ûf one leaf lap over or He upon 
the lobes of the other, thus appearing at first sight, by deception, like 
the perfoliate leaves on the upper part of a honeysuckle. Each leaf, 
too, has its upper aud its lo,ver plane, the upper one being exposed to 
the sunlight, and the under one being kept in the shade. The two 
sides of the leaf differ physiologically, as tbe stomata, or breathing- 
organs, are on the under side of the leaf. The leaves, too, of the young 
eucalypt are bright, grassy green; they are also thin, and the tissue 
soft and somewhat succulent. 
Now, not one of these particulars is carried into the maturity of 
the tree. Perhaps, in its enlarged arboreal wisdom, the big gum-tree 
eschews them all as the indiscretions of its youth. So the la biate 
character, or four-sidedness, gives place to a round stem. The lea ,'es 
are now not amplexicaul, but stand well out from the branch-stems, 
and sometimes even hang suspended. They have :now. long petioles, 
or leaf-stems. In fact, as against the former sessile character of the 
leaf, the difference is almost forced to the point of exaggeration, since 
in E globulus the long-Ianceolate leaf seems really an extension and 
expansion of the petiole, or leaf-stalk. The leaves are DO longer oppo- 
site, but alternate, nor are they heart.shaped, but long-lanceolate, and 
often even falcate, or scythe-shaped. Their color is now not grass- 
green, but bluish-green, and tbe points are tipped with red. The tis- 
sue, too, is changed, for the leaves are thick, and leathery, and dry. 
K or has tbe lea'!" now its sunny side and its shady side distinct-that is, 
the blade bas no upper or lower plane, but an upper and a lower edge, 
the one edge 1)eing set to,varcl the sky and the other toward the earth, 
thus exposing both planes equally to the sunlight. To accomplish this 
eccentric adjustment of the leaf, the petiole actually twists itself, as if 
it reaIly knew what it was about-with, however, seemingly some of 
that disconlfort ,,"'hich attends on strained etiquettp. Often the twist 
or contortion is so evident as to arrest the attention at once; and the 
.. amount of torsion is wonderful when it is mentioned that the petiole 
seems to delight in holding the scythe-shaped leaf 'with its concaye 
edge nppel"lnost (Fig. 3). It is surely curious to find in the leaves of 
the adult tree the texture so different from that of the leaves of its 
youth. But the leaf is now the seat of a much greater physiological 
change. The two planes of tl1e leaf are now virtually alike-tbe same 
in texture and in organs. The ribs and veins are the same, alike 
prominent on each side, n1uch as if the roof of a house should have its 
beams and rafters inside and out. And two series of stomata, or 
breathing-organs, no,v appear-one series for each side of the leaf. 
Here, we think, lies much of the secret of the great draining capacity 
of the eucalypts. Both sides of the leaf work equally. I
 is as the 
double-cylinder engine against the single one. It is asserted of the 
gum-tree that it can eliminate from a s,yampy soil eight times its own 
weight of water in twenty-four ])ours. 
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What, then, is the logic of these facts? Let us give the geologist 
the last word; for it may be that, from his habit of dealing with the 
floras and the faunas of the long ago, his generalization may be more 
profound than that of the mere systematic botanist. 
'Vbat about the eccentricities of the young eucalypt? Our men- 
tor here denies the eccentricity in the sense of fi'eakiness. lIe sees in 
it a law of the Creator. The young eucalypt, he thinks, in its mar- 
velous vigor of growth, is tending to, or striving after, the forms and 
conditions of the higher and more recent groups; but that, with 
something of its growth-vigor abated in the adult state, it reverts 
back to its legitin1ate ancestral type. But ,ve may not be too know- 
ing; and surely a devout science can well afford to admit with rever- 
ence that" His "rays are past finding out." 
And this delver in the earth after organic relics assures us that 
these eucalypts are an extrmnely ancient race, and that they were for- 
merly wide-spread. He even finds them in the Eocene times, COD1pOS- 
ing in part the great forests of Europe. These, he tfllls us, were the 
arboreal ancestors of the gum-trees of Australia; and he bids us note 
that, of the existing floras of the world, that of Australia has the high- 
est antiquity. With this inf5tance, as almost paralleled, 'we may ad- 
duce the" big trees" of California. There can ùe no doubt that these 
gigantic and graceful trees once covered a large area, extending into 
an antiquity scarcely less ancient than that of the eucalypts. Even 
snow-dad Greenland in that ancient time had its flowery age, and was 
a home for the princely sequoias. Now, ,vhat reduced them to but 
two species, and ,vhat pushed them over the mountains, and bade 
them be content ,,"'ith that small domain cedtred by the Calaveras 
grove? And what a change must earth have undergone, that Aus- 
tralia should be isolated from its once-continental aHiance, and these 
noble eucalypts, the tallest Titans that the world has known, should 
be thus put upon their limits! The sequoias promise little, and seem 
doomed ere long to pass away. Beyond their beauty and scientific 
interest, their virtues are fc,y . Not so with the' eucalypts. Give 
them a fair showing of place and climate, and they will thrive and 
enrich their environment. This tree has the hardiness of the ancient; 
it also has virtues which will enlarge the conlforts and lengthen the 
days of men. As when some beneficent art, once enjoyed by a former 
l)eople, has been lost, and, long known only in tradition, has been re- 
discovered and revived, and men are again enlivened with llope, so is 
the possession by the modern world of this ancient tree. 
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INTRODUCTION AND SUCCESSIO
 OF -VERTEBRATE 
LIFE IN AI\IERICA.l 


B y P R.O F E S S 0 ß O. C. :M A R S H . 


[CONCLUDED FROM MARCH NUMBER.] 


I T remains now to consider the highest group of tbe animal king- 
dom, the class .11Iamnutlia, which includes man. Of the existence 
of this class before the Trias we have no evidence, either in this coun'try 
or in the Old "T orld, and it is a significant fact that, at essential1y the 
sanle horizon in each hemisphere, similar low forms of mamn)als Inake 
their appearance. Although only a few incomplete slJecimens }1ave 
been discovered, they are characteristic and .wen preserved, and all 
are apparently JUarsupials, the lowest mammalian gronp which ,,
e 
kno"T in this country, living or fossil. The American Triassic mam- 
mals are known at present only from two smalllo'wer ja,,"'s, on which 
is based the genus .Dro1J'latherium, snpposed to be related to the 
insect-eating .11Iyrn1Æcobius, now living in Australia. 
Although the Jura of Europe has yielded other similar mammals, 
we have as yet 110ne of this class from that formation; ,,"'hile, from 
rocks of Cretaceous age, no mammals are known in any part of the 
world. This is especially to be regretted, as it is evidently to the Cre- 
taceous that ,ve mnst look for the first repres
ntatives of Il1any of our 
present groups of man1mals, as well as for indications of their more 
ancient lineage. That- some discovery of this nature from the Creta- 
ceous is near at hand, I cannot doubt, wl)en I consider what the last 
few years have brought to light in the Eocene. 
In the lo,,"'est Tertiary beds of this country a rich mammaHan 
fauna suddenly makes its appearance, and, from that time through the 
age of 111ammals to the present, America has been constantly occupied 
by this type of life in the greatest diversity of form. Fortunately, a 
nearly continuous record of this life, as preserved, is now accessible 
to us, and insures great additions to our knowledge of the genealogy 
of mammals, and perhaps the solution of In ore profound problen1s. 
Before proceeding to discuss in detail American fossil lJIcl1nmalia, it 
is important to define the divisions of time indicated in our Tertiary 
and Post-Tertiary deposits, as these in TI1any cases mark successive 
stages in the development of the mammals. 
The boundary-line between the Cretaceous and Tertiary in the re- 
gion of the Rocky )Iountains has been much in dispute during the 
last few years, mainly in COIl sequence of the uncertain geological bear- 
ings of the fossil plants found near this horizon. The accompanying 
1 An address delivered before the American Association for the Advancement of Sci- 
ence, at Nashville, Tenn., August 30, 1877, by Prof. O. C. Marsh, Vice-President. 
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invertebrate fossils })ave thrown little light on the question, which is 
essentially whether the great Lignite series of the 'Yest is uppernlost 
Cretaceous or lowest Eocene. The evidence of the numerous verte- 
brate remains is, in my judgment, decisive, and in favor of the former 
Vle\v. 
This brings up an important point in paleontology, one to which 
my attention was drawn several years since, namely: the compara- 
ti ve value of different groups of fossils in marking geological time. 
In examining the subject ,vith SOlne care, I found that, for this purpose, 
plants, as their nature indicates, are most unsatisfactory ,vitnesses; 
that invertebrate animals are much better; and that vertebrates afford 
the most reliable eyidence of climatic and other geological changes. 
The subdivisions of the latter gronp, moreover, and in fact all forms 
of animal life, are of value in tbis respect, mainly according to the 
perfection of their organization or zoölogical rank. Fishes, for ex- 
ample, are but slightly affected by changes that .would destroy rep- 
tiles or birds, and the higher manlnlals succumb under influences that 
the lower forms pass through in safety. The more special applica- 
tions of this general law, and its value in geology, will readily suggest 
themsel Yes. 
The evidence offered by fossil remains is, in the light of this law, 
conclusive, that the line, if line there be, separating onr Cretaceous 
from the Tertiary, must at present be drawn ,vhere the Dinosaurs and 
other l\lesozoic vertebrates disappear, and are replaced by the maln- 
mals, henceforth the dominant type. 1 
The Tertiary of "\tVestern Alnerica comprises the most extensive 
series of deposits of this age known to geologists, and inlportant 
breaks in both the rocks and the fossils separate it into three well- 
marked diviaions. These natural divisions are not the exact equiva- 
lents of the Eocene, l\Iiocene, and Pliocene of Europe, although usually 
so considered, and known by the sanle names; but, in general, the 
fauna of each appears to be older than that of its corresponding rep- 
resentative in the other hemisphere; an important fact, not hitherto 
recognized. This partial resemblance of onr extinct faunas to others 
in regions widely separated, "There the formations are doubtless some- 
what different in geological age, is precisely ,,
h:tt we ll1ight expect, 
if, as was probable, the main migrations took place frolH this conti- 
n
nt. It is better at once to recognize this principle, rather than at- 
tempt to bring into exact parallelism formations that were not strictly 
contemporaneous. 
The fres}]-water Eocene deposits of our Western Territories, which 
are in the s
une region at least two miles in vertical thickness, may 
be separated into three distinct subdivisions. The lowest of these, rest- 
ing unconformably on the Cretaceous, has been termed the Vermilion 
Creek, or Wahsatch, group. It contains a well-marked mammalian 
1 See Frontispiece Section, March number. 
VOL. XII.-43 
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fauna, the largest and most characteristic genus of which is the ungu- 
late Ooryphodon, and hence I have calJed theRe deposits the Corypho. 
don beds. The middle Eocene strata, ,vhich have been termed the 
Green River and Bridger Series, may be designated as the Dinoceras 
beds, as the gigantic animals of this order are only found here. The 
nppermost Eocene, or the Uintah group, is especially well character- 
ized by large marumals of the genus IJiplacodon, and hence may be 
termed the Diplacodon beds. The fauna of each of these three sub. 
divisions was 
ssentially distinct, and the fossil remains of each were 
entombed in different and successive ancient lakes. It is impor
ant 
to remernber that these Eocene lake.basins all lie betwef'n the Rocky 

Iountains on tbe east and the Wahsatch Range on the west, or along 
the high central plateau of the continent. As these mountain chains 
were elevated, the inclosed Cretaceous sea, cut off from the ocean, 
gradually freshened, and formed these extensive lakes, while the Rur- 
rounding land was covered with a luxuriaut tropical vegetation, and 
with many strange forms of animal life. As the upward movement 
of this region continued, these lake-basins, which for ages had been 
filling up, preserving in their sediments a faitbful record of Eocene 
life-history, were slowly drained by the constant deepening of the 
outßowing riVel"S, and they ha\"e since remained essentially dry land. 
The 1tliocene lake-basins are on the flanks of this region, where 
only land had been since tbe close of the Cretaceous. These basins 
contain three faunas, nflarly or quite distinct. The lowest l\Iiocene, 
which is only found east of the Rocky l\Iountains, alone contains the 
peculiar mammals kno\vn as the Brontotheridæ, ånd these deposits 
may be called the Brontotherium beds. The strata next aboye, 
which represent the middle 
Iiocene, have as their most characteristic 
fossil the genus Oreodon, and are kno,vn as the Oreodon beds. The 
upper l\Ii;cene, ,vhich · occurs in Oregon, is of great tl1ickness, and 
from one of its most important fossils, 
fiohi]J]JU8, may be designated 
as the l\Iiohippus Series. The climate here during this period was 
warm temperate. 
Above the 
fiocene, east of the Rocky l\Iountains and on the 
Pacific coast, the Pliocene is well developed, and. is rich in vertebrate 
remains. The strata rest unconformably on thfl l\Iiocene, and there 
is a well-marked faunal cl1ange at this point, modern types now first 
making their appearance. For these reasons, we are justified in 
separating the l\Iiocene from the Pliocene at this break; although in 
Europe, where no marked break exists, the line seems to have been 
drawn at a somewhat higher horizon. Our Pliocene forms essentially 
a continuous series, although the upper beds may be distinguisl1ed 
from the lower by the presence of a true Equ.us, and some other ex. 
isting genera. The Pliocene climate ,,-as similar to that of the l\Iio- 
cene. The Post-Pliocene beds contain many extinct mammals, and 
may thus be separated from recent deposits. 
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Returning now to our subject from this geological digression- 
which will hardly be deemed unprofitable, since I have given you in 
few words the results of a great deal of my own hard mountain work 
-let us consider the Tertiary mammals, as we know them from the 
remains already discovered, and attempt to trace the history of 
each order down to the present time. \Ve have seen that a sin- 
gle small l\larsupial, from the Trias, is the only mammal found in 
all the American rocks below the Eocene; and yet in beds of tl1is 
age, immediately over the Chalk, fossil nlammals of many different 
kinds abound. 
The 
Iarsupials, strange to say, are here few iu number, and di- 
minutive in size; and have as yet been identified only by fragmentary 
specimens, and most of them are too imperfect for accurate descrip- 
tion. In the higher Eocene deposits, this group is more abundant, 
but still represented by small animals, most of them insectivorous, or 
carnivorous in habit, like the existing opossum. From the J\.Iiocene 
and Pliocene, no remains of l\Iarsupials have been described. From 
the Post-Tertiary, only specimens nearly allied to those now living 
are kno\vn, and most of these were found in the caves of South 
America. 
The Edentate 1 :àlammals are evidently an Anlerican type, and on 
this continent attained a great development in numbers and size. No 
Eocene Edentates have been found here, and, although their discovery 
in this formation has been announced, the identification proves to have 
been erroneous. In the l\Iiocene of tbe Pacific coast, a fe,v fossils 
have been discovered ,vhich belong to animals of this group, and to 
tbe genus 
Ioropus. There are two species, one about as large as a 
tapir, and the other 
early twice that size. This genus is the type 
of a distinct family, the .J..1Ioropodidæ. In the lower Pliocene above, 
well-preserved remains uf Edentates of very large size have been 
found at several widely-separated localities in Idaho and California. 
These belong to the genus il'Iorotherium, of which two species are 
known. East of the Rocky l\lountains, in the lower Pliocene of N e- 
braska, a large species apparently of the genus .J..1Ioropu8 has been dis- 
coyered. The horizon of these later fossils corresponds nearly with 
beds in Europe that have been called l\Iiocene. In the Post-Pliocene 
of North Alnerica, gigantic Edentates were very numerous and widely 
distributed, but all disappeared with the close of that period. These 
forms were essentially lluge sloths, and the nlore inlportant genera 
were 1JIe!lathe1"iun
, J.1fylodon, and .ilIeg(1lonyæ. The genera JJIega- 
locnU8 and .J.1Iyo1norphtl8 have bpen found only in Cuba. 
In South .t'\merica, during the Pliocene or Post-Pliocene, enormous 
Edentates ,vere still more abundant, and their renlains are usually in 
1 The Edentates are an order of MammaJs, in which the teeth are imperfect or want- 
ing. The teeth when present are without enameJ, or true roots. This order includes the 
sloths, armadilloes, ant-eaters, etc. 
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such perfect preservation as to suggest a very recent period for their 
extinction. The Sloth tribe is represented "hy the huge Mylodon, 
.1Jfegatheriu1J'l, .1Jfegalonyæ, Cælodon, Ocllotherium, Gnathopis, Lesto- 
don, Scelidotheriu1n, and 8phænodon
. and among the Armadilloes 
were Ohlarnydotherium, Eu'rydon, Glyptodon, Heterodon, Pachythe- 
rium, and 8chistopleururn. Glossotheriu1n, another extinct genus, is 
supposed to be allied to the Ant-Eaters. 
It is frequently asserted, and very general1y be1ieved, t1)at the 
large number of buge Edentata which lived in North America during 
the Post-Pliocene were the results of an extensive migration from 
South America soon after the elevation of the Isthmus of Panåma 
, 
near the close of the Tertiary. No conclusive proof of such migration 
has been offered, and the evidence, it seems to me, so far as "Te no'w 
have it, is directly opposed to tbis view. N û undoubted Tertiar)T 
Edentates have yet been discovered in South America, while we haye 
at least two species in our l\Iiocene, and, during tbe deposition of our 
lower Pliocene, large individuals of this group Wflre not uncommon 
as far north as tbe forty-third parallel of latitude, on both Fides of the 
Rocky l\Iountains. In view of t])ese facts, and others w]}ich I shall 
lay before you, it seenlS more l1atural to conclud{\, from our present 
knowledge, that the migration, w]1Ïch no douht took place, was from 
north to south. The Edentates, finding thus in South An)crica a COI1- 
genial home, flourished greatly for a time, and, although the larger 
forms are no,vall extinct, din1Ïnutive representatives of the grou}) stiIl 
inhabit the same region. 
The Cetacea 1 first al)pear in the Eocene, as in Europe, and are 
comparatively abundant in deposits of this age on t))e Atlantic coast. 
The most interesting remains of this order, ye\ found, belong to the 
Zeuglodontidcp, which are carnivorous ,vhales, and the only animals 
of the order with teeth im planted hy two roots. The principal genera 
of this family are Zeuglodon and Squalodon, the former genus being 
represented by gigantic forms, some of which "Tere seyenty feet in 
length. The genus 8aurocetes, ,vhich includes some small animals of 
this group, has been found in South America. The Dolp)1in family 
(Ðelphinidrr) are weB represented in the 1\Iiocene, both on the Atlan- 
tic and Pacific coa
t. The best-known genus i
 Priscodelphinus, of 
which several species ])aVfl been described. Several otber generic 
names which haye been applied to fragments TJeed not here be enu- 
merated. In none of t"be Tertiary species of tlJÍs family were tbe 
cervical vertebrro anchylosed. The Sperm 1Vh3les (Oatodontidæ) 
were also abundant throughout t}1e Tertiary, and with them, in tbe 
earlier beds, various Ziphioid forms }lave been found. The toothless 
Balænidæ are only kno"Tn with certainty as fossilR from tbe later 
Tertiary and more recent deposits. 
1 Cetacea, an order of marine mammals "hich includes among its living representa- 
tives the whales, dolphins, porpoises, narwhal, etc. 
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The Sirenians, l which appear first in the Eocene of the Old W o'rld, 
occur in the 
fiocel1e of onr eastern coast, and throughout the later 
Tertiary. The specimens described have all been referred to the genus 
.J.7lfanatus, and seem closely related to our living species. In the Ter- 
tiary of Jamaica, a skull has been found which indicates a new genus, 
Prorast01J
llS, also allied to the existing manatee. The genus Rhytina, 
once abundant on our Northwest coast, has recently become extinct. 
The Ungulates 2 are the most abundant mammals in the Tertiary, 
and the most important, since they include a great variety of types, 
some of which we can trace through their various changes down to 
the modified forms that represent them to-day. Of the variout:) divis- 
ions in this comprehensive group, the Perissodactyle, or odd-toed U n- 
gulates, are evidently the oldest, and throughout the Eocene are the 
prevailing forms. Although all of the Perissodactyles of the earlier 
Tertiary are more or less generalized, they are still quite distinct ii'om 
the Artiodactyles, even at tbe base of the Eocene. Oue family, ho,v- 
ever, the Ooryphodontidæ, which is well represented at this horizon, 
both in America and Europe, although essentially Perissodactyle, pos- 
sesses some characters which point to a primitive Ungulate type from 
which the present orders have been evolved. Among tbese characters 
are the diminutive brain, which in size and form approaches that of 
the reptiles, and also the five-toed feet, from which all the various 
forms of the mammalian foot have been derived. Of this family, only 
a single genus, 001'yphodon (Batlunodon), is known, but there were 
Geveral distinct species. They were the largest mammals of the lower 
Eocene, some exceeding in size the existing tapirs. 
In the middle Eocene, 'west of the Rocky l\Ionntains, a remarkable 
group of Ungulates ma
es its appearance. These anÏ1nals nearly 
equaled the elephant in size, but had shorter limbs. The skull was 
armed with two or three pairs of horn-cores, and with enormous canine 
tusks. The brain was proportionally srualler than in any other land 
mamInal. The feet had five toes, and resen1 bled in their general 
structure those of Ooryphydon, thus indicating some affinity ,vith that 
genus. These malnmals resemble in some respects the Perissodac- 
tyIes, and in others the Proboscidians, yet differ so widely from any 
known Ungulates, recent or fossil, that they must be regarded as forn1- 
ing a distinct order, the IJinocerata. Only three genera are known, 
IJinoceras, Tinoceras, and Uintatheriu1n, but quite a number of spe- 
cies have been described. Dnrin
 the later part of the middle Eo- 
cene these animals ,vere very abundant for a short time, and then be- 
l Sirenia, an order of aquatic mammals represented at present only by the manatee 
and dugong. 
II Ungulata. As now used, this term is employed to designate that order of mammals 
which contains the Artiodactyla, or even-toed, and the Perissodactyla, or odd-toed, mam- 
mal::) with hoofs. It thus includes, among the former, the camcls, giraffe, bovincs, ante- 
lopes, deer, musks, swine, and hippopotami; and, among the latter, the horses, rhinoce- 
roses, and tapirs. 
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came extinct, leaving apparently no successor, unless possibly we 
have in the Proboscidians their much-modified descendants. Their 
genetic connection with the Coryphodonts is much more probable, in 
view of ,vhat "Te now know of the two groups. 
Besides these peculiar mammals, vlbich are extinct, and mainly of 
interest to the biologist, there were others in tbe early Tel.tiary which 
remind us of those at present liviñg around us. When a student in 
Germany some twelve years ago, I beard a world-renowned Professor 
of Zoölogy gravely inform his pupils th:\t the horse was a gIft of the 
Old World to the New, and 'was entirely unknown in America until 
introduced by the Spaniards. After the lecture I asked him whether 
no earlier remains of horses bad been found on this continent, and 
was told in reply that the reports to that effect were too unsatisfac- 
tory to be presented as facts in science. This remark led me, on my 
return, to exarnine the suhject myself, and I haye since unearthed, 
with my own hands, not less than thirty distinct species of the horse 
tribe in the Tertiary deposits of the West alone; and it is now, I 
think, generally admitted that America is, after all, the true home of 
the horse. 
I can offer you no better illustration than this of the advance ver- 
tebrate paleontology has made during tbe last decade, or of the 
important contributions to this progress which our Rocky l\Iountain 
region has supplied. 
The oldest representative of the horse, at present known, is the 
diminutive Eohippus, from the lower Eocene. Several species have 
been found, all about tbe size of a fox. Like most of tbe early mam- 
mals, these Ungulates had forty-four teeth, the molars with short 
cr.owns, and quite distinct in form from the fremolars. The ulna and 
the fibula were entire and distinct, and there were four well-developed 
toes, and a rudiment of another on the fore-feet, and three toes behind. 
In the structure of the feet, and in the teeth, the Eohippus indicates 
unmistakably that the direct ancestral line to the modern horse has 
already separated from the other Perissodactyles. In the next higher 
division of the Eocene, another genus, Orohippus, makes its appear- 
ance, replacing Eohippus, and showing a greater, although still dis- 
tant, resemblance to the Equine type. The rudimentary first digit of 
tbe fore-foot has disappeared, and the last premolar has gone over to 
the molar series. Orohippus was but little larger than Eoh'ippus, and 
in most other respects very similar. Several species have been found 
in the same horizon. .with IJinoceras, and others lived during the upper 
Eocene with IJiplacodon, but none later. 1 
Near the base of the 
liocene, in the Brontotherium beds, we find 
a third closely-allied genus, lJIesohippus, which is about as large as a 
1 Since this address was delivered, I have found in the Diplacodon beds a new genus 
of Equines (Epihippus), which is larger than OroMppus, and has the same number of toes, 
but has two premolar teeth like the molars.-O. C. M. 
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sheep, and one stage nearer the horse. Three are only three toes and 
a rudimentary splint bone in the fore feet, and three toes behind. 
Two of the premolar teeth are quite like the Inolars. The ulna is no 
longer distinct, or the fibula entire, and other characters show clearlr 
that the transition is advancing. In the upper l\liocene, .l..1Iesoltippus 
is not found, but in its place a fourth form, J.11iolâppus, continues the 
line. This genus is near the Anchitherium of Europe, but presents 
several important differences. The three toes in each foot are more 
nearly of a size, and a rudÏ1nent of the fifth Illetacarpal bone is retained. 
All the known species of this genus are larger than those of J.JIesoltip- 
pus, and none pass above the l\fiocene. 
The genus Protohippus, of the lower Pliocene, is yet more eq nine, 
and some of its species equaled the ass in size. There are still three 
toes on each foot, but only the middle one, corresponding to the single 
toe of the horse, COllIes to the ground. This genus resembles most 
nearly the Hippærion of Europe. In the Pliocene, we bave the last 
stage of the series before reaching the horse, in the genus Pliohippus, 
"\vhich has lost the small boo:ß.ets, and in other respects is, very equine. 
Only in the upper Pliocene does the true Eqfuus appear, and complete 
the genealogy of the horse, which in tbe Post-Tertiary roamed over 
the whole of North and South America, and soon after became extinct. 
This occurred long before the discovery of the continent by Europeans, 
and no satisfactory reason for the extinction has yet been given. Be- 
sides the characters I have mentioned, there are many others, in the 
skeleton, skull, teeth, and brain, of the forty or more intermediate 
species, which show that the transition from the Eocene Eohippus to 
the modern Equus has taken place in the order indicated; and I believe 
the specimens now at New Haven will denlonstrate tl)e fact to any 
anatomist. They certainly carried prompt conviction to the first of 
anatomists, who was the honored guest of the Association a year ag-o, 
whose genius had already indicated the later genealogy of the horse in 
Europe, and whose own researches so well qualified him to appreciate 
the evidence here laid before him. Did time permit, I might give you 
at least a probable explanation of this marvelous transition, but ju
- 
tice to the comrades of the horse in his long struggle for existence 
demands that some notice of their efforts should be placed on record. 
Besides the horse and his congeners, the only existing Perissoc1ac- 
tyles are the rhinoceros and tapir. The last is the oldest type, but the 
rhinoceros had near aBies throughout the Tertiary; and, in view of 
tbe continuity' of the equine line, it is 'well worth ,vhile to attempt to 
trac'e his pedigre{>. At the bottom of the Eocene, in our ".,. estern 
lake-basins, the tapiroid genns Helaletes is found, represented by nu- 
lnerous small mammals hardly larger than the diminutive horses of 
that day. In the following epoch of the Eocene, the closely-allied 
Hyrachy'lt8 was one of the most ahundant animals. This genns was 
nearly related to the Lophiodon of Europe, and in its teeth and skele- 
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ton strongly resembled tbe living tapir, whose aneestry, to this point, 
seems to coincide ,vith that of tbe rbinoceros we are considering. 
Strangely enough, the rhinoceros line, before it becomes distinct, 
separates into two branches. In the upper part of the Dinocer3s 
beds we have the genus Golonoceras, which is really a Hyrachyus 
with a transverse pair of very rudimentary horn-cores on the nasal 
bones. In the lower l\Iiocene west of the Rocky Mountains this line 
seems to pass on through tbe genus IJiceratherium, and in tbe higher 
1tIiocene this genus is ,veIl represented. Some of the species nearly 
equaled in size the existing rbinoceros, ,vhich .Diceratlwriu'fn strongly 
l'esembled. The main difference between them is a most interesting 
one. The rudimentar y horn-cores on tbe nasals seen in Golonoceras 
, , 
are in .Diceratherium developed into strong bony supports for horns, 
which were placed transyersely, as in the ruminants, and not on tIle 
median line, as in an existing forms of rbinocerOf
. In the Pliocene 
of the l>acific coast, a large rhinoceros has been discovered, which 
may be a descendant of .Diceratherium)- but, as the nasal bones have 
not been found, we must wait for further evidence on this point. Re- 
turning now to the other branch of the rhinoceros grou}J, which left 
their remains mainly east of the Rocl\:y ]'Iountains, we TInd tbat all 
the known forms are hornless. The upper Eocene genus, A'lnynodon, 
is tIle t>ldest known rhinoceros, and by far tbe most generalized of the 
family. The premolars are all unlike the molars; the four canines are 
of large 
ize, but the inner incisor in each jaw is lost in the fully adult 
anima1. The nasals were without horns. There were four toes in 
front, and three behind. The genus Hyracodon, of the 
Iiocene, which 
is essentially a rhinoceros, has a full set of incisor and canine teeth; 
and thfl molars are so nearly like those of its predecessor, IIyrachyus, 
that no one will question the transformation of the older into the newer 
type. Hyracodon, however, appears to be off the true line, for it has 
but three toes in front. In the higher ::àliocene beds, and possibly with 
Hyracodon, occurs a larger rhinoceros, which has been referred to the 
genus .A ceratherium. This form has lost the canine and one incisor 
above, and two incisors below. In the Pliocene are several species 
closely related, and of large size. Above the Pliocene in America, no 
vestiges of the rhinoceros have been found; and our American forms, 
doubtless, became extinct at the close of this period. 
The tapir is clearly an old American type; and we have seen tbnt, 
in the Eocene, the genera Helaletes and Hy,rachyus were so strongly 
tapiroid in their principal characters that the main line of descent 
probably passed through them. It is remarkable that tIle 
Iiocene of 
the West, so greatly developed as it is 011 both sides of the Rocky 

Iountains, should have yielded but a few fragments of tapiroid mam- 
mals; and the same is true of tbe Pliocene of that region. In t.he 

Iiocene of the Atlantic coast, too, only a few imperfect specinlens 
have been found. These fonns aU apparently belong to tIle genus 



VERTEBR...1TE LIFE IN AMERIOA. 


681 


Tt"tpiravus, although most of them have been referred to Lophioclon- 
a lower Eocene type. In the Post-Tertiary, a true Tapirus was 
abundant; and its remains have been found in various parts of North 
America. The line of descent, although indistinct through tIle mid- 
dle and upper Tertiary, "Tas doubtless continuous in Anlerica; and 
several species exist at present from 1\Iexico south"Tard. It is ,vorthy 
of notice that the species north of the Istlnnus of Panama appear all 
to be generically distinct from those of South America. 
In addition to these three Perissodactyle types, ,vhich, as the fittest, 
have alone survived, and whose lineage I have endeavored to trace, 
there were many others in early Tertiary times. Some of these dis- 
appeared with the close of the Eocene, while others continued, and 
assumed strange specialized shapes in the 1\Iiocel1e, before their de- 
cline and extinction. One series of the latter deserves especial men- 
tion, as it includes one of the most interesting families of our extinct 
animals. Among the large mammals in the lower Eocene is LÙnno- 
hyus, a true Perissodactyle, but only known here from fragruents of 
the skeleton. In the next higher beds, this genus is well represented, 
and with it is found a nearlyalIied form, Palæosyops. In the upper 
Eocene, both have left the field, and the genus IJiplacodon, a very 
near relative, holds the supremacy. The line seems clear through 
these three genera, but on crossing the break into the l\Iiocene, we 
have apparently, as next of kin, the huge Brontotheridæ. These 
strange beasts show in their dentition and some other characters the 
same transition steps beyond the IJiplacodon, which that genus had 
made beyond Palæosyops. The Brontotheridæ were nearly as large as 
the elephant, but had much shorter limbs. The skull was elongated, 
and had a transverse pair of large horn-cores on the n1axillaries, in 
front of the orbits, like the middle pair in IJinoceras. There were 
four toes in front and three behind, and the feet were similar to 
those of the rhinoceros. There are four genera in this group, Bron- 
totherium j IJiconodon j ..L7Jfenodus (Titanotherium); and ..L7Jfegacerop8, 
which have been found only in the lowest 1\liocene, east of the Rocky 
.l\lountail1s. 
In the higher 1\liocene beds of Oregon, an allied genus, Ohalicothe- 
ri1.l1n, makes its appearance. It is one stage further on in the transition, 
and perhaps a descendant of the Brontotheridæ j but here, so far as 
now known, the line disappears. It is a suggestive fact that this 
genus has no,v been found in 'Vestern America, China, India, Greece, 
Germany, and France, indicating thus, as I believe, the path by which 
many of our allcient malnmals helped to people the so-called Old 
'V orId. 
The Artiodactyles,t or even-toed Ungulates, are the most abundant 
1 Artiodactyla, a sub-order of the Ungulata, in which the third and fourth digits are 
nearly equally developed, and their ungual phalanges are flattened on their contiguous 
sides, so that together they constitute a symmetrical form. The axis, or middle line, of 
the whole foot lies between the third and fourth digits. 
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of the larger mammals now living; and tbe group dates back at least 
to the lowest Eocene. Of the two well-marked divisions of this 
order, the Bunodonts 1 and the Selenodonts,
 as happily defined by 
Kowalevsky, the former is the older type, wbich must have separated 
from the Perissodac
yle line after the latter had become differentiated 
from the primitive Ungulate. In the Coryphodon beds of N e". 

lexico occurs the oldest Artiodactyle yet found, but it is at present 
kno,vn only from fragmentary specimens. These remains are clearly 
Suilline in character, and belong to the genus Eohyus. In the beds 
above, and possibly even in the same horizon, the genus Helohyus is 
not uncommon, and several species are known. The molar teeth of 
this genus are very similar to those of the Eocene Hyracotherium, of 
Europe, which is supposed to be a Perisf'odactyle, while Helohyus cer- 
tainly is not, but apparently a true lineal ancestor of the existing pigs. 
In every vigorous primitive type which was destined to survive many 
geological changes, there seems to have been a tendency to throw off 
lateral branches, which became highly specia1ized and soon died out, 
because they are unable to adapt themselves to new conditions. The 
narrow path of the persistent Suilline type, throughout tbe whole Ter- 
tiary, is strewed with the remains of such ambitious offshoots; whilo 
the typical pig, with an obstinacy nevel' lost, has held on in spite of 
catastrophes and evolution, and still lives in America to-day. In the 
lower Eocene, we have in the genus Parahyus apparently one of these 
short-lived, specialized branches. It attained a much larger size than 
the true lineal forms, and the number of its teeth was reduced. In 
the Dinoceras beds, or middle Eocene, we have stil1, on or near the 
true line, Helohyus, ,yhich is the last of the series known from the 
American Eocene. All these early Suillines, with the possible ex- 
ception of Parahyus, appear to have had at least four toes of usable 
SIze. 
In the 10","er 
Iiocene, we find the genus Perchæl'us, seen1Ìngly a 
true Suilline, and with it remains of a larger forn), Elotherium, are 
abundant. The latter genus occurs in Europe in nearly the same hori- 
zon, and the specimens known from each continent agree c10sely in 
general characters. The name Pelonaæ has been applied erroneously 
to some of the American forms; but the specimens on which it was 
based clearly belong to Elotlwrium. This genus affords another ex- 
ample of the aberrant Suil1ine off
hoots, already mentioned. Some 
of the species were nearly as large as a rhinoceros, and in all there 
were but two serviceable toes; the outer digits, seen in living animals 
of this group, being represented only by small rudiments concealed 
beneath the skin. In the upper l\1iocene of Oregon, Suillines are abun- 
dant, and almost all belong to the genus Thinohyus, a near ally of 


I Bunodont (hill-tooth); hence, teeth the crowns of which are composed of rounded 
tuberc1es. 

 Selenodont (moon-tooth); teeth which have the crowns marked by crescents. 
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the modern peccary (Dicotyles), but having a greater number of teeth, 
and a few other distinguishing features. In the Pliocene, Suillines are 
still numerous, and all the American forms yet discovered are closely 
related to IJicotyles. The genus Platygonus is represented by several 
species, one of ,vhich was very abu'\ldant in the Post-Tertiary of North 
America, and is apparently the l&.st example of a side branch, before 
the American Suillines culminate in existing peccaries. The feet in 
this species are more specialized than in the living forms, and approach 
some of the peculiar features of the ruminants; as, for example, a strong 
tendency to coalescence in the metapodial bones. . The genus Platygo.. 
nus became extinct in the Post-Tertiary, and the later and existing 
species are all true peccaries. 
No authenticated remains of the genera SU8, Porcus, Phacochærus, 
or the allied Hippopotan
U8, the Old W orId Suillines, have been found 
in America, although several announcements to that effect have been 
mad e. 
In the series of generic forms between the lower Eocene Eohyus 
and the existing ])icotyles, ,vhich I have very briefly discussed, w
 
have apparently the ancestral line ending in the typical American 
Suillines. Although the demonstration is not yet as complete as in 
the lineage of the horse, this is not owing to want of material, but 
rather to the fact that the actual changes which transforlned the early 
Tertiary pig into the modern peccary were comparatively slight, so 
far as they are indicated in the skeletons preserved, while the lateral 
branches were so numerous as to confuse the line. It is clear, how- 
ever, that from the close of the Cretaceous to the Post-Tertiary the 
Bunodont Artiodactyleswere especially abundant on this continent, 
and only recently have approached extinction. 
The Selenodont division of the ArtioJactyles is a more interesting 
group and, so far as we now know, makes its first appearance in the 
upper Eocene of the West, although forms, apparently transitional, be- 
tween it and the BUllodonts occnr in the Dinoceras beds, or middle 
Eocene. These belong to the genus Homacodon, which is very nearly 
allied to Helohyus, and but a single step away from this genus toward 
the Selenodonts. By a fortunate discoyery, a nearly complete skele- 
ton of this rare intermediate form has been brought to light, and we 
8-re thus enabled to define its characters. Several species of Homaco- 
don are known, all of small size. This prin1Ïtive Selenodont had forty- 
four teeth, which formed a nearly continuous series. 
The molar teeth are very similar to those of Helol
yus, Inlt the 
cones on the crowns have hecome partially triangular in outline, so 
that, when worn, the Selenodont pattern is clearly recognizable. The 
first and second upper molars, llloreover, have tl1ree distinct posterior 
cusps, and two in front; a peculiar feature, which is seen also in the 
European genera .Dicl
obune and Cainotheriu''Jn. There were four toes 
on each foot, and the metapodial bones were distinct. The type spe- 
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cies of this genus .was about as large as a cat. With Helohyus, this 
genus forms a "
ell-marked family, the Helohyidæ. 
In the JJiplacodon horizon of the upper Eocene, the Selenodont den- 
tition is no longer doubtful, as it is seen in most of the Artiodactyla 
yet founa in these beds. These animals are all small, and belong to 
at least three distinct genera. One of tbese, Eomeryæ, closely resem- 
bles .JIo1nacodon in most of its skeleton, and bas four toes, but its 
te(Jth show well-lnarked crescents, and a partial transition to the teeth 
of Hyopotan
us, frum the Eocene of Europe. ""'-ith this genus is an- 
other, Pararnery;t., also closely allied to Homacodon, but apparently 
a straggler frolD the true line, as it bas but three toes behind. The 
most pronounced Selenodont in the upper Eocene is the Ororn.cryæ, 
which genus appear::; to ùe allied to the existing Deer family, or Cervi- 
dæ, and if so is tbe oldest known representative of the group. These 
facts are important, as it bas been supposed, until very recently, that 
our Eocene contained no even-hoofed mammals. 
In the lowest l\Iiocene of the \Vest, no true crescent-toothed 
Llr- 
tiodactyla have as yet been identified, ,vith the exception of a single 
species of Hyopotamus j but, in the overlying beds of the middle 
l\liocene, remains of the Oreodont-idæ occur in such vast numbers as to 
indicate that these animals must have lived in large herds around tbe 
borders of the lake-basins in ,vhich their remains have been entombed. 
These basins are no\v the denuded deserts so well termed lJIauvaises 
Terres by the early French trappers. r
rhe least specialized, and appar- 
ently the oldest, genus of this group is Agriochætrus, ,vhich so nearly 
resembles the older Hyopotamus, and tbe still more ancient Eomeryæ, 
that we can hardly doubt that they all belonged to tIle same ancestral 
line. The typical Ol'eodonts are the genera Oreodon and Eporeodon, 
,,-hich have been aptly termed by Leidy ruminating hogs. They had 
forty-four teetb, and four well-developed toes on each foot. The true 
Oreodons, ,vhich were most nun1erous east of the Rocky l\Iountains, 
were about as large as the existing peccary, while Eporeodon, which 
was nearly twice this size, was very abundant in the l\liocene of the 
Pacific slope. · 
In tbe succeeding Pliocene formation, on each side of tne Rocky 

Iountains, the genus JJIe1'yclty'llS is one of the provailing forms, and 
continues the line on from the ..ì\Iiocene, where the true Oreodons be- 
came extinct. Beyond this, we have the genus 
7lferychochærus, which 
is so nearly al1ied to the last that they would be united by many - 
naturalists. With the close of the Pliocene, this series of peculiar 
rUlninants abruptly terminates, no member sur,'iving until the Post- 
Tertiary, so far as known. 
A most interesting line, that leading to tlle camels and llamas, 
separates from the pl'imiti,'e Selenodont branch in the Eocene, prob- 
ably through the genus Paranzeryæ. In the l\Iiocene, we find in 
Pæbrotherium and some nearly allied forn1s unmistakable indications 
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that the Cameloid type of ruminant had already become l)artially 
specialized, although there is a complete series of incisor teeth, and 
the metapodial bones are distinct. In the Pliocene, the camel tribe 
was, next to the horses, the most abundant of tbe larger n1amn1als. 
The line is continued through the genns Proca'lnelus, and perhaps 
others, and in this formation the incisors first begin to diminisb, and 
the rnetapodials to unite. In the Post-Tertiary we have a true Auclze- 
nia, represented by several species, and others in South America, 
where the alpacas and llamas still survive. From the Eocene almost 
to the present time, North America bas been the honle of vast num- 
bers of the Camelidæ, and there can be little doubt that they origi- 
nateà here, and migrated to the Old World. 
Returning once more to the upper Eocene, we find another line of 
descent starting from Oromeryæ, ,vhicb, as we have seen, had appar- 
ently then just become differentiated from the older Bunodont type. 
Throughout tbe middle and upper J\Iiocene, this line is cartied for- 
,yard by the genus Leptomeryx and its near allies, .which resemble so 
strongly tbe Pliocene C'ervidæ that they may fairly be regarded as 
their probable progenitors. Possibly SOlne of these forms may be re- 
lated to the Tragulidæ, but at present tbe evidence is against it. 
The deer family has representatives in the upper l\Iiocene of Eu- 
rope, which contains fossils strongly resembling the fauna of our 
lower Pliocene, a fact always to be borne in mind in comparing the 
horizon of any group in the two continents. Several species of Cer- 
vidæ, belonging to the genus Gosoryæ, are known froln the low"er Pli- 
ocene of the West, and all have very small antlers, divided into a 
single pair of tynes. The statement recently published, that Inost of 
these antlers had been broken during the life of the anÍ1nals, is unsup- 
ported by any evidence, and is erroneous. These prÍ1niti ve deer do 
not have the orbit closed behind, and they have all the four nletapodial 
bones entire, although the second and fifth are very slender. In th
 
upper Pliocene, a true Cervus of large size has been discovered. In 
the Post-Tertiary, Cervus, Alces, and Tarandus, have been met with, 
the latter far south of its present range. In the caves of South Amer- 
ica, remains of Cer'vus have been found, and also two species of ante- 
lopes, one referred to a new genus, Leptotheriu1n. 
The hollo'w-horned ruminants, in this country, appear to date back 
no further than to the lower Pliocene, and here only two species of 
Bison have as y
t been discovered. In the Post-Tertiary this genuR 
was represented by numerous individuals and several 
pecieR, some of 
large size. The musk-ox (Ovibos) was IJot uncommon during some 
parts of this epocn, and its remains are widely distributed. 
No authentic fossil remains of true sheep, goats, or giraffes, nave 
as yet been found on this continent. 
The Proboscidians,t which are now separated fronl the typical 
1 ProbOlwidca, the mammalian order which contains the elephants, and extinct masto- 
don and mammoth. 
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Ungulates as a distinct order, make their first appearance in North 
America in the lower Pliocene, where several species of Mastodon 
have been found. This genus occurs, also, in the upper Pliocene, and 
in the Post-Tertiary; although some of the remains attributed to the 
latter are undoubtedly older. The Pliocene speeies all have a band 
of enamel on the tusks, and some other peculiarities observed in the 
oldest mastodons of Europe, which are from essentially the same hori- 
zon. Two species of this genus have been found in Sonth America, in 
connection with the renlains of extinct l1arnas and horses. The genus 
Elephas is a later fonn, and has not yet been identified in this country 
below the upper Pliocene, where one gigantic species was abundant. 
In the Post-Pliocene, remains of this genus are numerous. The hairy 
mamrnoth of the Old W o rid (Elephas prirnigenius) was once abundant 
in Alaska, and great nunlbers of its bones are now preserved in the 
frozen cliffs of that region. This species does not appear to have 
extended east of the Rocky l\Iountains, or south of the Columbia 
River, but was replaced there by the American elephant, which pre- 
ferred a milder climate. Remains of the latter have been met with in 
Canada, throughout the United States, and in 
Iexico. The last of 
the American mastodons and elephants became extinct in the Post- 
Tertiary. 
The order Toæodontia includes two very peculiar genera, Toæodon 
and Nesodon, which have been found in the Post-Tertiary deposits of 
South America. These animals were of huge size, and possessed such 
mixed characters that their affinities are a matter of considerable 
doubt. They are thought to be related to the Ungulates, Rodents, and 
Edentates; but, as the feet are unknown, this cannot at present be 
decided. 
Macrauchenia and IIomalodontotherium are two otller peculiar 
genera from South America, now extinct, the exact affinities of which 
are uncertain. Anoplothel.iu'ln and Palæotheriu'lJ1, so abundant in 
Europe, have not been found in our North American Tertiary deposits, 
although reported from South America. 
Perhaps the lnost remarkable mammals yet found in America are 
the Tillodontia, which are cODlparatively abundant in the lower and 
middle Eocene. These animals seem to combine the characters of 
several different groups, viz., the Carni \Tores, Ungulates, and Rodents. 
In the genus Tillotherium, the type of the order, and of the falnily 
TillotheJ"idæ, the skull resembles that of the bears; tbe molar teeth 
are of the ungulate type, while the large incisors are very similar to 
those of Rodents. The skeleton resembles that of the Carnivores, but 
the scaphoid and lunar bones are distinct, and there is a third trochan- 
ter on the femur. The feet are ,plantigrade, and each had five digits, 
all with long, pointed claws. In the al1ied genus Stylinodon, which 
belongs to a distinct family, the Stylinodontidæ, an the teeth were 
rootless. Some of these animals were as large as a tapir. The genus 
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IJryptodon bas been found only in the Coryphodon beds of New 
Iex- 
ico, while Tillotherium and Stylinodon occur in the middle Eocene of 
Wyoming. Anchippodus probably belongs to this group, which may 
pel'haps include some other forms that have been named from frag- 
mentary specimens. 
The Rodents arc an ancient type, and their remains are not unfre- 
quently disinterred in the strata of our lowest fresh-water Eocene. 
The earliest kno\vn forms are, apparently, all related to the squirrels; 
and the most common genus is Sciuravus, which continued through- 
out the Eocene. A nearly allied form, which may prove to be the 
same, is ParanlYs, the species of which are larger than those of the 
older type. In the Dinoceras beds, the genus Oolonomys is found, 
and the specimens preserved point to the lJIuridæ as the nearest living 
allies. A peculiar genus, Apaternys, ,vhich also occurs in the middle 
Eocene, has gliriform incisors; but the molars resemble those of In- 
sectivores. All the Eocene Rodents known are of small size, the 
largest being about as large as a rabbit. 
In the middle and upper l\Iiocene lake-basins of the West, Rodents 
abound, but all are of moderate size. The hare
 first appear in the 
Oreodon beds, and continue in considerable numbers through the 
rest of the Tertiary and Post-Tertiary, to the pref'ent day. In these 
beds, the most common forlns belong to the Leporidæ, and mainly 
to the genus Palæolagus. The Squirrel family is represented by 
Ischyromys, the llfuridæ by the genus Eumys, and the beavers by 
Palæocastor. In the upper J\Iiocene of Oregon, most of the same 
genera are found; and with them some peculiar forms, very unlike 
anything now living. One of these is the genus Allon1Ys, possibly 
related to the flying-squirrels, but having molar teeth sonle'what like 
those of the Ungulates. Iu the Pliocene, east and west of the Rocky 
Mountains, Rodents continue abundant; but most of them belong to 
existing genera. Among these are Castor, Hystriæ, Cynomys, Geomys, 
Lepus, and Hesperomys. In the Post-Tertiary, the gigantic beaver, 
Castoro ides, was abundant throughout most of North America. Hy- 
drochærlls has been found in South Carolina. In the caves of the 
island of Anguilla, in the 'Vest Indies, remains of large extinct Ro- 
dents, belonging to the Cldnchillidæ, haye been discovered. 
The early Tertiary Rodents known from South America are the 
genera llIegamys, Theridrom!Js, and a large species referred to Al'vi- 
cola. In Brazil, the Pliocene Rodents fonnel are referred to the exist- 
ing genera, Cavia, Kerodon, Lagosto11ulS, Cteno'Jnys, IIespero'JJ
Ys, Oæ- 
ymycterus, Arvicola, and Lepus. A nc,v genus, Ca'J.tliodus, rlescribed 
from this horizon, is a true ro<lent; but the peculiar Typotherium, 
which has been referred to this order by some authorities, has per- 
haps other affinities. In the Post-Tertiary, the Rodents were very 
ahundant in South America, as they are at present. The species are, 
in most instances, distinct from those now living, but the g
nera are 
. 
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nearly the same. The Gaviidæ were especiaHy numerous. Gercolabes, 
.J..lIyopotarnus, and Lagosto1nu8, are also found; and two extinct gen- 
era, Phyllo'Jì
Ys and Lonchopltorus. 
The Gheiroptera, or bats, have not been founel in this country 
below the middle Eocene, where two extinct genera, ,Þtyctilestes and 
Nyctitheriurn, are each represented by numerous remains. These fos- 
sils all belong to small animals, and, so far as they have been investi- 
gated, show no characters of more than generic importance to distin- 
guish them fro In the bats of to-day. No other members of this 
group are kno\vn from our Tertiary. In the Post-Tertiary, no ex
 
tinct species of bats have been found in North America, but from toe 
caves of Brazil quite a number bave been reported. These all belong 
to genera still living in South Anlerica, and most of them to the fam- 
ily PhyllostoTJddæ. 
The Insectivores 1 date back, in this country, at least to the lniddle 
Eocene. Here numerous rell1ains occur, which have been described as 
belonging to this order, although it is possible that some of them .were 
insect
eating l\Iarsupials. The best-known genera are-Hentiacodon, 
Centetodon, Talpavus, and Entomacoclon
. all represented by animals 
of small size. In the l\liocene, the bones of Insectivores are com- 
paratively abundant, aud the genera best determined are Icto}Js and 
Lept ict is. A few specimens only have been found in the Pliocene and 
Post-Pliocene, most of them related to the moles. No extinct Insec- 
tivores are known fro III South America, and no menlber of the group 
exists there at present. 
The Carnivo1'a, or true flesh-eating animals, are an old type, 'wel] 
represented in the Eocene, and, as might be expected, these early forms 
are much less specialized than the living species. In the Cor),'l)hodon 
beds, the genus LÙnnocyon, allied to tbe Pterodon of the European 
Eocene, is abundant. Another genus, apparently distinct, is Proto- 
ton
us, and several other
 have been named from fragmentary fossils. 
In th
 lnidùle Eocene, Carnivores were still more numerous, and many 
genera ]uìve been discovered. One of these, Lhnnofelis, was nearly 
as large as a lion, and apparently allied to the cats, although tbe 
typical Felidæ seem not yet to have been differentiated. Another 
Carnivore, of nearly equal size, was Orocyon, which had short, mas
 
sive jaws and broad teeth. IJromocyon and lJ-Iesonyæ were large 
animals, allied to I-Iyænodon. The teeth were narrow, and the jaws 
long and slender. Anlong tbe smaller Carnivores were- r"u!jJavus, 
1 7 iverrav'lls, Sinopa, Thinocyon., and Ziphacodon. 
In our Western 
Iiocene, Carnivores are abundant, and make an 
approach to nlodern types. The Felidæ are 'well represented, the 
nlost interesting genus being lJIachairoclus, which is not uncommon 
in the Oreodon beds on both sides of the Rocky l\Iountains. An 
1 InsectivOl'a, that order of mammals which includes the existing moles, shrews, 
hedgehogs, etc. 


. 
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allied genus is .Dinictis, and several smaller cats are known from 
about the same horizon. The Canidæ are represented by A'lnphicyon, 
a European genus, and by several species of Canis, or a very nearly 
allied form. The peculiar genus Hyænodon, found also in Europe, 
and the type of a distinct family, is abundant in tlJe 1\1iocene eat:;t of 
the Rocky l\Iountains, but has not yet been found on the Pacific 
coast. In the Pliocene of both regions the Canidæ are numerous, 
and all apparently belong to the existing genus Canis. The genus 
. lJIachairodus is still the dominant form of. the cats, which are abun- 
dant, and for the most part belong to the genus Felis. The extinct 
Leptarctus is supposed to belong to the Ursidæ/ and, if so, is the 
oldest American representative of this family. In the Post-Pliocene, 
the extinct Felidæ include species nearly as large as a lion, and 
smaller forms very similar to those still living. Bears, raccoons, 
and weasels, have also been found. 
In the Pliocene of South America, Machairodus represents the 
FeUdæ, while the genera Arctotherium and Hyænarctus belong to the 
Bear family. Species of Mustela and Canis ha\Te also been found. 
In the caves of Brazil, the fauna of which is regarded as Post-Plio- 
cene, one species of Machairodus is known, and one of Synælurus. 
Canis and Icticyon, still Ii ving in Brazil, and the extinct genus Speo- 
thos, represent the Canidæ. Mephitis and Galictis, among tbe wea- 
sels, were also present, and with them species of Nasua and Arctothe- 
rium. 


We come now to the highest group of 1\Iammals, the Primates, 
\vhich includ
s the Lemurs, the Apes, and Man. This order has a 
great antiquity, and even at the base of the Eocene ,ve find it repre- 
sented by several genera belonging to the lower forms of the group. 
In considering these interesting fossils, it is important to have in 
mind that the Lemurs, which are usual1y regarded as Primates, 
although at the bottom of the scale, are found at the present day only 
in 
Iadagascar and the adjacent regions of the globe. An the Ameri- 
can monkeys, moreoyer, belong to one group, luuch above the 
Lemurs, while the Old W orId apes are higher still, and most nearly 
approach man. 
In the lower Eocene of New l\Iexico we find a few representatives 
of the earliest known Primates, and among them are the genera 
Lemuravus and Limnotheriurn, each the type of a distinct fami1y. 
These genera became "ery abundant in the middle Eocene of the 
West, and with them are found many others-an, however, included 
in the two families Lemuravidæ and Limnotheridæ. Lem'ltravus 

ppears to have been most nearly allied to the Lemurs, and is the 
lnost generalized form of the PrimateA yet discovered. It had forty- 
four teeth, forming a continuous series above and below. The brain 
I U'ì"sidæ, the family including the bears, raccoons, etc. 
VOL. XII.-44 



690 THE POPULAR SOIENOE .ðfONTHL}r. 


was nearly smooth, and of moderate size. The skeleton most re- 
sembles that of the Lemurs. A nearly allied genus, belonging to the 
same family, is IIyopsodus. Limnotherium (Tomitherium) also is 
nearly related to the Lemurs, but shows some affinities with tbe South 
.A,merican marmosets. This genus had forty teeth. The brain was 
neady smooth, and the cerebellum large, and placed mainly behind 
the cerebrum. The orbits are open behind, and the lachrymal fora- 
men is outside the orbit. Other genera belonging to the Limno- 
thericlæ are- .Notharctos, JIi]Jposyus, jJIicrosyops, Palæacodon, Thino- 
lestes, and Tebnatolestes. Besides these, Antiacodon (Anaptornor- 
phus), Batltrodon" and lJIesacodon, should probably be placed in the 
same group. In the Diplacodon beds, or upper Eocene, no remains 
of Primates have yet been detected, although they will doubtless be 
found there. Al1 the Eocene Primates known from An1erican strata 
are low generalized forms, with characters in the teeth, skeleton, and 
feet, that suggest relationships with the Carnivores, and even with the 
Ungulates. These resemblances have led paleontologists to refer 
some imperfect specirnens to both these orders. 
In the !liocene lake-basins of the 'Vest, only a single species of 
the Primates has been identified 'with certainty. This was found in 
the Oreodon beds of Nebraska, and belongs to the genus La01Jithec'Us, 
apparently related both to the Lirnnotheridæ and to some existing 
South American monkeys. In the Pliocene and Post-Pliocene of 
North America no remains of Primates have yet been found. 
In the Post-Pliocene deposits of the Brazilian caves, remains of 
monkeys are numerous, and mainly belong to extinct species of Oal- 
lithrix, Oebus, and Jacchus, all living South American genera. Only 
one extinct genus, Proto]Jithecus, 'which embraced aninla]s of large 
size, has been found in this peculiar fauna. 
It is a noteworthy fact, that no traces of any Anthropoid apes, or 
indeed of any Old W orId monkeys, have yet been detected in America. 

fan, however, the highest of the Primates, has left his bones and his 
works froll1 the arctic circle to Patagonia. 
lost of the
e specÍlnens 
are clearly Post-Tertiary, although there is considerable evidence 
pointing to the existence of man in our Pliocene. AU the remains yet 
discovered belong to the ,,-rell-marked genus Homo, and apparently 
to a single species, at present repre:5ented by the American Indian. 


In this rapid review of mamn1alian life in America, from its first 
known appearance in the Trias down to the present time, I have en- 
deavored to state briefly the introduction and succession of the princi- 
pal forms in each natural group. If time permitted, I n1Ïght attempt 
the more difficult task of trying to indicate ,,
hat relations these vari- 
ous groups may possibly bear to each other; what connection the 
ancient mammals of this continent have with the corresponding forms 
of the Old 'V orId; and, most important of aU, what real progress 
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mammalian life bas here made since the beginning of the Eocene. 
As it is, I can only say, in summing up, that the l\iarsupials are clearly 
the remnants of a very ancient fauna, which occupied this continent 
millions of years ago, and from which the other mammals ,vere doubt- 
less all derived, although the direct evidence of the transformation is 
wanting. 
Although the l\Iarsupials are nearly related to the still lower 
l\Ionotremes, now living in the Australian region, we have as yet no 
hint of the path by \vhich these t\VO groups became separated from 
the inferior vertebrates. N either have we to-day much light as to 
the genetic connection existing between l\Ial'supials and the placental 
l\Iammalia, although it is posRible that the different orders of the 
latter had their origin each from a separate group of the 1\farsupials. 
The presence, however, of undoubted l\Iarsupials in our lower and 
middle Eocene, some of them related to the genus IJidelphys, al- 
though remotely, is important evid(>nce as to the introduction of these 
animals into America. Against this, their supposed absence in our 
l\fiocene and Pliocene can have but limited weight, when taken in con- 
nection with tbe fact that they flourished in the Post-Tertiary, and 
are still abundant. The evidence ,ve now have is quite as strongly in 
favor of a migration of l\farsupials from Anlerica to the Old ,V orld, 
as the reverse, which has be
n supposed by some naturalists. Pos- 
sibly, as Huxley has suggested, both countries were peopled with 
these low mamnlals from a continent now submerged. 
The Edentate mammals have long been a puzzle to zoölogists, and 
up to the present time no clew to their affinities with other groups 
seems to bave been detected. A cOlnparison of the peculiar Eocene 
mammals which I have called the Tillodontia, with the lea
t specialized 
Edentates, brings to light many curious resenlblances in the skull, 
teeth, skeleton, and feet. These suggest relationship, at least, and 
possibly we may yet find here the key to the Edentate gf'nealogy. 
At present, the Tillodonts are all from the lower and middle Eoeene, 
while lJIoropus, the oldest Edentate ge!lUS, is found in the middle 
l\liocene, and one species in the lower Pliocene. 
The Edentates hav.e been usually regarded as an American type, 
but the few living forms in Africa, aud the Tertiary species in Europe, 
the oldest known, have made the land of their nativity uncertain. I 
have already given you some reasons for believing that the Edentates 
had their first home in North America, ana migrated thence to the 
southern portion of the continent. This movement could not have 
taken place in the l\Iiocene period, aR the Isthmus of Darien was then 
submerged; but, near the close of the Tertiary, the elcvation of this 
region left a much broader strip of lana than no,v exists there, and 
over this the Edentates and othcr manlnlals Inade their way, ])erhaps 
urged on by the increasing cold of the glacial ".inters. The evidence 
to-day is strongly in favor of such a southern migration. This, how- 
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ever, leaves the Old World Edentates, fossil and recent, unaccounted 
for; but I believe the solution of this problem is essentially the same, 
namely, a migration from North America. The 
liocene representa- 
tives of this group, which I have recently obtained in Oregon, are 
older than any known in Europe, and, strangely enough, are more 
like the latter and the existing African types than like any of our liv- 
ing species. If, now, we bear in mind that an ele,'ation of only 180 
feet would close Behring's Straits, and give a road thirty miles wide 
from America to Asia, we can easily see how this migration might 
have taken place. That such a Tertiary bridge did exist, we have 
much independent testimony, and the known fa0ts all point to, exte"n- 
sive migrations of anilnals over it. 
The Oetacea are connected with the marine Carnivores tl)rough 
the genus Zeuglodon, as Huxley has shown, and the points of resem- 
blance are so marked that the affinity cannot be doubted. That the 
connection was a direct one, however, iR hardly probable, since the 
diminutive brain, large number of simple teeth, and reduced limbs 
in the whales, all indicate them to be an old type, which doubtless 
branched off from, the more priInitive stock leading to the Carnivores. 
Our American extinct Cetaceans, when carefully investigated, })rom- 
ise to throw much light upon the pedigree of these strange mammals. 
As most of the known forms were probably marine, their distribution 
is of little service in determining their origin. 
That the Sirenians are allied to the Ungulates is now generally 
admitted by anatomists, and the separation of the existing species in 
distant 10calities suggests that they are the remnants of an extensive 
group, once widely distributed. The large number of teeth in some 
forms, the reduced limbs, and other characters, point back to an an- 
cestry near that of the earliest Ungulates. The gradual loss of teeth 
in the specialized members of this group, and in tIle Cetaceans, is 
quite parallel with the same change in Edentates, as well as in Ptero- 
dactyles and Birds. 
The Ungulates are so distinct from other groups that they must be 
one of the oldest natural divisions of mammals, and they probably 
originated from some herbivorous marsupial. Their large size, and 
great numòers, during Tertiary and Post-Tertiary time, render them 
most valuable in tracing migrations induced by climate, as well as in 
showing the changes of structure which such a contest for existence 
may produce. 
In the review of the extinct Ungulates, I have endeavored to show 
that quite a number of genera, usually supposed to belong originally 
to the Old W orId, are in reality true American types. Among these 
were the horse, rhinoceros, and tapir, all the existing odd-toed U ngu- 
lates, and, bpsides these, the can1el, pig, and deer. All these I belie,.e, 
and many others, went to Asia from our Northwest coast. It must, 
for the present, remai
 
n open question whether we may not fairly 



VERTEBRATE LIFE IN AMERICA. 


693 


claim the Bovidæ, and even the Proboscidea, since both occur in our 
strata at about the same horizon as on the other continent. On this 
point there is some confusion, at least ill names. The Himalayan de- 
posits called upper l\liocene, and so rich in Proboscidians, indicate 
in their entire fauna tbat they are more recent than our Niobrara Hiver 
beds, which, for apparently good reasons, VtTe regard as lower Pliocene. 
The latter appear to be about the same horizon as the Pikermi de- 
posits in Greece, also regarded as l\fiocene. Believing, ho,vever, that 
we have here a more complete Tertiary series, and a better standard 
for comparison of faunas, I have preferred to retain the names already 
applied to our divisions, until the strata of the two continents are 
more satisfactorily coördinated. 
The extinct Rodents, Bats, and Insectivores of America, although 
offering many suggestive hints as to their. relationship with other 
groups, and their various migrations, cannot now be fully discussed. 
There is little doubt, however, that the Rodents are aNew World 
type, and, according to present evidence, they probably had their 
origin in North America. The resmnblance in so n1any respects of 
this order to the Proboscidians is a striking fact, not yet explained 
by the imperfectly known genealogy of either gronp. 
The Carnivores, too, I must pass by, except to call attention to a 
few special forms which accompanied the migrations of other groups. 
One of these is Machairoctus, the sabre-toothed tiger, which flourished 
in our 
liocene and Pliocene, and apparently followed the huge Eden- 
tates to South America, and the Ungulates across Asia to Europe. 
'Yith this genus went Hyænodon, and some typical wolves and cats, 
but the bears probably Ctune the other ,vay with the antelopes. That 
the gazelle, giraffe, hippopotamus, hyena, and other African types, 
once abundant in Asia, did not come, is doubtless because the l\Iio- 
cene bridge was sublnerged before they reached it. 
The Edentates, in their southern migration, were probably accom- 
panied by the horse, tapir, and rhinoceros, although no remains of the 
last have yet been found south of 3Iexico. The mastodon, elephant, 
llama, deer, peccary, and other mammals, followed the same path. 
'Vhy the mastodon, elephant, rhinocero
, and especially the horse, 
should have been selected with the huge Edentates for extinction, and 
the other Ungulates left, is fit present a mystery, which their some- 
,vhat larger size hardly explains. 
ffhe relations of the American Primates, extinct and recent, to 
those of the other hemisphere, offer an inviting, topic, but it is not with- 
in my present province 'to discuss them in their most suggestive phases. 
As we have here the oldest and most generalized members of the 
group, so far as now known, we may justly claim America for tbe 
birthplace of the order. That the de\"elopment did not continue here 
until it culminated in man, was due to causes which at present we can 
only surmise, although the genealogy of other 
surviving groups gives 
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some data toward a solution. Why the Old World apes, when differ- 
entiated, did not come to tbe land of their earlier ancestry, is readily 
explained by the then intervening oceans, which likewise ,vere a bar- 
rier to tbe return of the horse and rhinoceros. 
l\lan, however, came-doubtless first across Behring's Straits; and 
at his advent became part of our fauna, as a mammal and primate. 
In these relations alone it is my purpose here to treat him. The evi- 
dence, a8 it stands to-day, although not conclusive, seems to place the 
first appearance of man in this country in the Pliocene, and the best 
proof of tbis has been found on the Pacific coast. During several 
visits to that region, n1any facts were brought to my knowledge which 
render this more than probable. l\Ian at this time was a savage, and 
was doubtless forced by the great volcanic outbreaks to continue his 
migration. This was at .first to the south, since mountain-chains were 
barriers on the east. As the native horses of America were now all 
extinct, and as tbe early man did not bring the Old World animal 
with him, his migrations were slow. I believe, moreover, that his 
slow progress toward civilization was in no small degree due to this 
same cause, the absence of the borse. 
It is far from my intention to add to the many theories extant in 
regard to the early civilizations in this country, and their connections 
with the primitive inhabitants, or the later Indians; but two or three 
facts have recently come to my knowledge which I think worth men- 
tioning in this connection. On the Columbia River, I have found 
evidence of the former existence of inhabitants much superior to tIle 
Indians at present there, and of which no tradition remains. Among 
many stone carvings which I saw there, were a number of heads 
which so strongly resemble those of apes that the likeness at once 
suggests itself. Wbence came these sculptures, and by "Thorn were 
they made? Another fact that has interested me very much is the 
strong resemblance between tbe skulls of the typical mound-builders 
of the l\Iississippi Valley and those of the Pueblo Indians. I hac1long 
been familiar with the former; and, 'wben I recently sa"r the latter, it 
required the })ositive assurance of a friend, wbo had himself collected 
them in New 1Iexico, to convince me that tbey were not from tbe 
mounds. A third fact, and I leave man to the archæologists, on 
whose province I am even now trenching. In a large collection of 
mound-builders' pottery, over a thousand specimens, wbich I have 
recently exan1ined with some care, I found many pieces of elaborate 
,vorkmanship so nearly like the ancient water-jars from Peru, tbat no 
one could fairly doubt that some intercourse had taken place between 
the widely-separated people that n1ade them. 
Tbe oldest known remains of n1an on this continent differ in no im- 
portant characters from the bones of the typical Indian, although in 
some minor details they indicate a much more primitive race. These 
early remains, some of which are true fossils, resemble much more 
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closely the corresponding parts of the highest Old World apes, than 
do the latter our Tertiary Primates, or even the recent American 
Inonkeys. Various living and fossil forms of Old Wodd Primates fill 
up essentially the latter gap. The lesser gap between the primitive 
Jnan of America and the Anthropoid apes is partially closed by still 
lower forms of men, and doubtless also by higher apes, now extinct. 
Analogy, and many facts as well, indicate that this gap 'vas smaller 
in the past. It certainly is becoming wider now witb every genera- 
tion, for the lowest races of men will soon become extinct, like the 
Tasmanians, and the highest apes cannot long survive. Hence the 
intermediate forms of tbe past, if any there were, become of f\till great- 
er importance. For such missing links, ,ve must look to the caves 
and later Tertiary of Africa, which I regard as now tbe most promis- 
ing field for exploration in the Old World. America, even in the 
tropics, can promise no such inducements to ambit'ious explorers. 'Ve 
have, however, an equally important field, if less attractive, in the 
Cretaceous mammals, which must have left their remains somewhere 
on this continent. In these two directions, as I believe, lie the most 
important future discoveries in paleontology. 


As a cause for many changes of structure in mammals during the 
Tertiary and Post-Tertiary, I regard as the most potent, natural selec- 
tion, in the broad sense in which that term is now used by American 
evolutionists. Under this head I include not merely a l\lalthusian 
struggle for life among the animals themselves, but the equally im- 
portant contest with the elements and aU surrounding N atnre. By 
changes in the environment, migrations are enforced, slowly in some 
cases, rapidly in others, and ,vith change of locality must come adap- 
tation to new conditions, or extinction. The life-history of Tertiary 
mamma]s illustrates this principle at every stage, and no other expla- 
nation meets the facts. 
The real progress, of mammalian life in Alnerica, from the l)egin- 
ning of the Tertiary to the present, is well illustrated by the brain- 
growth, in which we have the key to many other changes. The ear- 
liest known Tertiary mammals all had very small brains, and in some 
forms this organ was proportionally less than in certain reptiles. 
There wal3 a gradual increase in the size of the brain during this 
period, and it is interesting to find that this growth was mainly con- 
fined to the cerebral hemispheres, or higher portion of the brain. In 
mOl:!t groups of mamma]s, the brain bas gradually become more con- 
voluted, and thus increased in quality as well as quantity. In some, 
also, the cerebellum and olfactory lobes, the lower parts of tho brain, 
have even diminished in size. In the long struggle for existence dur- 
ing Tertiary time, the big brains "ron, then as now; and the increas- 
ing power thus gained rendered useless Inany structures inherited 
from primitive ancestors, but no longer adapted to new conditions. 
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Another of the interesting changes in mammals during Tertiary 
time was in the teeth, ,vhich "'ere gradually modified with other parts 
of the structure. The primitive fOrIn of tooth was cJearly a cone, and 
all others are derived from this. An classes of V.ertebrates below 
mammals, namely, fishes, amphibians, reptiles, and birds, have coni. 
cal teeth, if any, or some simple modification of this form. The Eden- 
tates and Cetaceans with teeth retain this type, except the zeuglodonts, 
which approach the dentition of aquatic Carnivores. In the higher 
mammals, the incisors and canines retain the conical shape, and the 
premolars have only in part been transformed. The latter gradually 
change to the more complicated molar pattern, and hence are not 
reduced molars, but transition forms from the cone to Inore complex 
types. 
I{)st of the early Tertiary mammals bad forty-fður teeth, and 
in the oldest forms the premolars were all llnlike the IY1olars, while 
the crowns were short, co"ered with enamel, and without cement. 
Each stage of progress in the differentiation of the animal was, as a 
rule, marked by a change in the teeth; one of the most common being 
the transfer, in fornl at least, of a premolar to the nlo]ar series, and a 
gradual lengthening of the crown. Hence, it is often easy to decide 
from a fragment of a ja\y to what horizon of the Tertiary it belongs. 
The fossil horses of this period, for example, gained a grinding-tooth 
for each toe they los
, one in each epoch. In the single-toed existing 
horses, all the premolars are like the molars, and the process is at an 
end. Other dental transformations are of equal interest, but this illus- 
tration must suffice. 
The changes in the limbs and feet of mammals during the same 
period were quite as marked. The foot of the primitive mammal was, 
doubtless, plantigrade, and certainly five-toed. 
Iany of tl)e early 
Tertiary forms show this feature, 'which is still seen in some existing 
forms. This generaJized foot be('ame modified by a gradual loss of 
tbe outer toes, and increase in size of the central ones, the reduction 
proceeding according to systematic methods, differing in each group. 
Corresponding changes took place in the limb-bones. One result was 
a great increase in speed, as the power was applied so as to act only 
in the plane of motion. The best effect of this specialization is seen 
to-day in the horse and antelope, each representing a distinct group of 
Ungulates, with five-toed ancestors. 


If the history of American mammals, as I have briefly sketched it, 
seems, as a whole, incolnplete and unsatisfactory, we must remember 
that the genealogical tree of this class has its trunk and larger limbs 
concealed beneath the débris of 
Iesozoic time, while its roots doubt- 
less strike so deeply into the Paleozoic that for the present they are 
lost. A decade or two hence we shall probably know something of 
the mammalian fauna of the Cretaceous, and the earHer lineagf' of our 
existing mammals can then be traced with more certainty. 
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The results I have presented to you are mainly derived from per- 
sonal observation; and, since a large part of tbe higher vertebrate 
remains hitherto found in this country have passed through my hands, 
I am willing to assume full responsibility for my presentation of the 
subject. 
For our present knowledge of the extinct Mammals, Birds, and 
Reptiles of North America, science is especially indebted to Leidy, 
whose careful, conscientioùs work has laid a secure foundation for 
our vertebrate paleontology. The energy of Cope has brought to 
notice many strange forms, and greatly enlarged our literature. Agas- 
siz, Owen, Wyman, Baird, Hitchcock, Deane, Emn10ns, Lea, Allen, 
Gibbes, Jefferson, DeKay, and Hadan, deser,'e honorable mention in 
the history of this branch of science. The South American extinct 
Vertebrates have been described by Lund, Owen, Burmeister, Gervais, 
Huxley, Flower, Desmarest, Aymard, Pictet, and N odot. Darwin and 
'Val1ace have likewise contributed valuable inforluation on this sub- 
ject, as they have on nearly all forms of life. 


In this long history of ancient life I have said nothing of what 
Life itself really is-and for the best of reasons-because I know 
nothing. Here, at present, our ignorance is dense, and yet we need 
not despair. Light, IIeat, Electricity, and Magnetism, Chemical Affin- 
ity, and l\Iotion, are no\v considered different forms of the same force; 
and tbe opinion is rapidly gaining ground that Life, or vital force, is 
only anotber phase of the same power. Possibly the great mystery 
of Life may thus be solved, but, whether it be or not, a true faith in 
science knows no limit to its search for Truth. 


... 


TilE WIOKED 'VEASEL. 


T HERE are other enemies of gan1e-life besides human poachers 
whose numhers must be kept within bounds to insure success- 
ful sport. The thirst of the weasel for blood is insatiable, and it is 
curious to watch the persistency with which he will hunt down the 
particular rabbit he has singled out for destruction. Through the 
winding subterranean galleries of the "huries" ,vith their cross- 
pa
sages, "blind" holes and" pop" holes (i. e., those which end in 
undisturbed soil, and those which are simply bored from one side of 
the bank to the other, being only used for temporary concealment), 
never once in the dark, close caverns losing sight or scent of his vic- 
tim, he pursues it with a species of eager patience. It is general1y a 
long chase. The rabbit makes a dash ahead, and a double or two, 
and then halts, usually at the mouth of a hole; perhaps to breathe. 
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By-and-by the weasel, baffled for a few minutes, comes up behind. 
Instantly the rabbit slips over tbe bank outside and down the ditch 
for a dozen yards, and there enters the" bury" again. The 'weasel 
follo'ws, gliding up the bank with a motion not unlike that of the 
snake; for his body and neck are long and slender, and his legs short. 
Apparently he is not in haste, but rather lingers over the scent. This 
is repeated five or six times, till the 'whole length of the hedgerow 
luts been traversed-sometimes up and down again. The chase may 
be easily observed by anyone who will keep a little in the back- 
ground. Although the bank be tenanted by fifty other rabbits, past 
'whose hiding-})lace the 'weasel must go, yet they scarcely take any 
notice. One or two, whom he has approached too closely, bolt out 
aud in again; but as a mass the furry population remain quiet, as if 
perfectly aware that they are not yet marked out for slaughter. At 
last, having exhausted the resources of the bank, the rabbit rushes 
across the field to a hedgerow, perhaps a hundred yards a'way. Here 
the wretched creature seems to find a difficulty in obtaining admit- 
tance. Hardly bas he disappeared in a hole before he comes out 
again, as if tbe inhabitants of the place refused to give him shelter. 
For many animals have a strong tribal feeling, and their sympathy, 
like that of man in a savage state, is confined witbin their special set- 
tlement. With birds it is the saIne; rooks, for instance, will not 
allow a strange pair to build in their trees, but drive them off with 
relentless beak, tearing d-own the half-formed nest, and taking the 
materials to their own use. The sentiment, " If Jacob take a wife of 
the daughters of Reth, what good f;hall my life do me?" appears to 
animate the breasts of gregarious creatures of this kind. Rooks in- 
termarry generation after generation; and if a black lover brings 
home a foreign bride, they are forced to build in a tree at some 
distance. N ear large rookeries se'
eral such outlying colonies may 
be seen. 
The rabbit, failing to find a coyer, hides in the grass and dry 
rushes; but across the meadow, stealing along the furrow, comes the 
weasel; and, shift his place how he may, in the end, 'worn out and 
weary, bunny succumbs, and the 
barp teeth meet in the neck behind 
the ear, seyering the vein. Of tel' in the end the rabbit runs to earth 
in a hole which is a cul-de-sac, with his back toward tbe pursuer. 
The ,,?easel, unable to get at the poll, which is his desire, will mangle 
t}le hinder parts in a terrible n1anner-as will the civilized ferret 
under silnilar conditions. Now and then the rabbit, scratching and 
struggling, fills the bole in tbe rear with earth, and so at the last 
moment chokes off his assailant and finds safety almost in the death- 
agony. In the woods, once the rabbit is away from the" buries," 
the cbase really does resemble a hunt; from furze-bush to bracken, 
from fern to rough grass, round and round, backward, doubling, to 
and fro, and all in vain. At such times, eager for blood, the weasel 
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will run right across your path, almost close enough to be kicked. 
Pursue him in turn, and if there be no hedge or hole near, if you have 
him in the open, he ""ill dart hither and thither right between your 
legs, uttering a sharp, short note of anger and alarm, something com- 
posed of a tiny bark and a scream. He is easily killed with a stick 
when you catch him in the open, for he is by no means swift; but if 
a hedge be near it is impossible to secure him. 
Weasels frequently bunt in couples, and sometimes more than two 
will work together. We once saw five, and have heard of eight. 
The five we saw were working a sandy bank drilled with holes, from 
which the rabbits in wild alarm were darting in all directions. The 
weasels raced from hole to bole and along the sides of the bank ex- 
actly like a pack of hounds, and seemed intensely excited. Their 
nlanner of hunting resembles the motions of ants; these insects run a 
little way very swiftly, then stop, turn to the right or left, make a 
short détou/r, and afterward on again in a straight line. So the pack 
of weasels darted forward, stopped, went from side to side, and then 
on a yard or two, and repeated the process. To see their reddish 
heads thrust for a moment from the holes, then withdrawn to reap- 
pear at another, would have been amusing had it not been for the 
reflection that their frisky tricks would assuredly end in death. They 
ran their quarry out of the bank and into a wood, where we lost sight 
of them. The pack of eight was seen by a laborer returning down a 
woodland lane from work one afternoon. He told us he got in the 
ditch, half from curiosity to watch them, and half from fear-laugh- 
able as that may seem-for he had heard the old people tell stories of 
men in the days when tbe corn ,vas kept for years in barns, and so 
bred hundreds of rats, being attacked by those vicious brutes. He 
said they made a noise, crying to each other-short, sharp, snappy 
sounds; but the pack of five "re ourselves saw hunted in silence. 
Often and often, when standing in a gateway, partly hidden by 
the bushes, watching the woodpecker on the ant-hills, of whose eggs, 
too, the partridges are so fond (so that a good ant year, in which 
their nests are prolific, is also a good partridge year), you may, if you 
are still, hear a slight, faint rustle in the hedge, and by-and-by a 
weasel will steal out. Seeing you he instantly pauses, elevates his 
head, and steadily gazes; move but your eyes, and he is back in tbe 
hedge; remain quiet, still looking straight before you as if you saw 
nothing, and he will presently recover confidence, and actually cr08S 
the gateway almost under you. This is the secret of observation: 
stillness, silence, and apparent indifference. In some instinctive way 
these ,vild creatures learn to distinguish when one is or is not intent 
upon them in a Bpirit of enmity; and, if very near, it is always the eye 
they watch. So long as you observe them, as it ,vere, from tIle cor- 
ner of the eye1)all, sidewise, or look over their heads at something 
beyond, it is well. Turn your glance full upon them to get a better 
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view, and they are gone. 'Yhen waiting in a dry ditch with a gun 
on a warm autunln afternoon for a rabbit to come out, sometimes a 
bunny will suddenly appear at the mouth of a hole which your knee 
nearly touches. He stops dead, as if petrified with astonishn1ent, sit- 
ting on his haunches. IIis full dark eye is on you with a gaze of in- 
tense curiosity; bis nostrils work as if sniffing; his whiskers move; 
and every now and then he thumps with bis hind-legs upon the earth 
witb a low, dull thud. This is evidently a sign of great alarm, at tbe 
noise of which any other rabbit within hearing instantly disappears 
in the "bury." Yet there your friend sits and watches you as if 
spellbound, so long as you have the patience to move neither hand 
nor foot nor to turn your eye. I{eep your glance on tbe frond of tbe 
fern just beyond hilll, and he will stay. The instant your eye meets 
.his, or a finger stirs, he plunges out of sight. It is so also with birds. 
Walk across a meadow, swinging a stick, even humming, and the 
rooks calnlly continue their search for grubs within thirty yards; 
stop to look at them, and they rise on the wing directly. So, too, 
the finches in the trees by the road-side. Let the wayfarer pass be- 
neath the bough on which they are singing, and they win sing on, if 
he moves without apparent interest; should he panse to listen, their 
wings glisten in the sun as they fly. 
Stoats, though not so numerous as weasels, probably do quite as 
much injury, being larger, swifter, stronger, and very bold, sometimes 

ntering sheds close to dwelling-houses. The laboring-people-at least, 
the elder folk-declare tbat they have been known to suck the blood of 
infants left asleep in the cradle upon the floor, biting the child behind 
the ear. They hunt in couples also-seldom in larger numbers. We 
have seen three at work together, and 'with a single shot killed two 
out of the trio. In elegance of shape they surpass the weasel, and 
the color is brighter. Their range of destruction seeDIS only limited 
by their strength; they attack anything they can manage. 
The keeper looks upon weasel and stoat as bitter foes, to be ruth- 
lessly exterminated with shot and gin. He lays to their cbarge 
deadly crimes of murder, the death of rabbits, hares, birds, the theft 
and destruction of his young broods, even occasional abstraction of a 
chicken close to his very door, despite the dogs chained there. They 
are not easily shot, being quick to take sheltf'r at the sight of a dog, 
and, when hard hit with the pellets, frequently escaping, though per- 
haps to die. Both weasel and stoat, and especially the latter, win 
snap viciously at the dog that overtakes them, even when sore 
wounded, always aiming to fix their teeth in his nose, and fighting 
savagely to the last gasp. The keeper slays a wonderful number in 
the course of a year, yet they seem as plentiful as ever. He traps 
perhaps more than he shoots. It is not always safe to touch a stoat 
caught in a trap; he lies apparently dead, but lift him up, and in- 
stantly his teeth are in your hand, and it is said such wounds some- 
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times fester for months. Stoats are tough as leather; tbough severely 
nipped by the iron fangs of the gin, struck on the head ,vitb the butt 
of the gun, and seerningly quite lifeless, yet, if. thrown on the grass 
and left, you will often find on returning to the place in a few hours 
time that tbe animal is gone. Warned by experiences of this kind, 
the keeper never picks up a stoat till" settled" with a stick or shot, 
and never leaves him till he is nailed to tbe shed. Stoats sometimes 
emit a disgusting odor when caught in a trap. The keeper has no 
mere-y for such vermin, though he thinks some other of his ënemies 
are even more destructive.-Pall Mall Budget. 
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THE DISSIPATION OF ENERGY. 


By GEORGE ILES. 


S CARCELY had the grand truth been well demonstrated, SOlne 
thirty years ago, that force can neither be created nor annihi- 
lated, when it served as a basis for one of the boldest theories ever 
conceived in the history of science. Prof. 'Villiam Thomson (now 
Prof. Sir William Thomson) in 1853 first broached the theory of the 
dissipation of energy, and since that time many other eminent n1en 
have enlarged it and speculated upon it. 
The theory points out, in the first place, that different phases of 
energy are not transformable into one another with equal ease and 
completeness. Heat i
 the only form into which any other can he 
totally converted. 'Vhen electricity, mechanical motion, or any kind 
of energy but heat is sought, an undesired production of tbermal 
effect i
 unavoidable in the most favorable conditions for efficient con- 
version known to science. Therefore, in the catalogue of terrestrial 
forces heat is continually gaining in amount at the expense of every 
other mode of motion. 
Further, not only is it impossible, by any known method, to regain 
from heat more than one-fourth its theoretical value in useful work, 
but, as the tendency of all heat is ever to become of unifornl tempera- 
ture, by radiation and conduction, the differences of degree 'wherein 
its value as a source of other motion solely lies are being continually 
abolished. The tendency of energy to appear more and more as uni- 
formly diffused heat is further bhown to be true not only on earth but 
in the heavens. 'Vith respect to the solar system, our present informa- 
tion, it is held, indicates that it is gradually driftin
 toward an utt
r]y 
lifeless state. The sun is parting with its stores of force most lavishly, 
and must, at however distant a period, be('ome as cold as its planets 
are now. The planets are little by little losing their force of axial 
rotation from the friction of their tides, 'W
hich transmute it into heat; 
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at some future age they will doubtle
s present a single side to the 
sun, as our moon, from similar caUSts, now dOtS to the earth. 
Furthermore, it is thought that the mediunl which conveys light 
through space, extreluely attenuated though it may be, is capable of 
opposing some resistance to planetary movements, so that the sun 
may at last unite with itself all the orbs 1l0W circling around it. The 
colli::;ioll bet,veen the suil and its ,vorlds 'would render the whole mass 
fiery hot; but radiation, in the course of time, would slowly bring its 
temperature lower and lower, until it would cease to shine altogether. 
The theory then supposes that the fate which shall have overtaken 
the solar systtm will then attack the sidereal heavens; that t'he 
causes which shaH first make the planets unite with their primary 
will make stars unite with one another, until tbe ultimate result of 
all these changes may be that a solitary gigantic ball shall contain all 
the matter now interfused through space, its enormous store of en- 
ergy, in the form of equably-diffused heat, being incapable of further 
change, ánd utterly unfit for the production or maintenance of life. 
All this is assuredly very bold, and deduced most fairly frolD its 
premises; but !)relnises in truth aud completeness are of Dluch more 
account and far more difficult of discovery than methods of logical 
inference. L
t lIS briefly exanline the grounds On which it is sup- 
posed that Nature is doomed to a death without resurrection, and see 
if they warrant the tremendous conclusions drawn fronl theIne 
The theory illustrates very pointedly the difficulties in 'which the 
finite mind of man becomes illvol ved "Then it attempts to deal with 
what is not thinkably finite-or, if the term be preferred, infinite. In 
the first place, the theory under consideration assumes the finiteness 
in amount of matter and motion; but we do not know, nor can ,,'e 
imagine, that space has bounds, neither can we limit the extent of the 
orbs and moyements ,vhich, as far as 'we can see, occupy it. 
Secon(lly, the theory makes another conjecture in the realm of tbe 
absolute, when it presumes that heat is an absolutely homogeneous 
motion-that particles endo'wed ,vith it move with so perfect a uni- 
formity that there is an exclusion of any difference of motion which 
might serve as a starting-point for mechanical chal1ge
. But has 
science advanced far enough to lnake such a proposition tenable? Our 
knowledge of the ultimate structure of matter is very restricted; and 
as to what the modes of motion are which we call heat, electricity, 
and so on, 'we are entirely in the dark. Their quantities W
 know, but 
their qualities, their peculiar orbits, have scarcely been guessed at as 
yet. From a variety of reasons, however, the modern opinion, like 
the ancient one, is that matter is 111ade up of atoms, which in the cir- 
cumstances are units even if iàeally divisible. Approxinlate measure- 
lnents of thel1l have been mad
 by Prof. Sir V\ T ilIianl Thonlson him- 
self. (See his paper in l\'ature, vo1. i., p. 551.) 
N o ",r, if atoms by virtue of their heat moved uninterruptedly in a 
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simple straight line, their motion would be uniform and undifferenced ; 
but, as neither the position nor the size of a mass undergoes change 
when temperature does not vary, atomic paths must suffer oft-repeat- 
ed stops. Elastic particles in this state must have ince::;:santly fluc- 
tuating velocities, yet always osciJIating 2.bout a fixed mean. 
Iat- 
tel' endued with heat cannot have its particles in absolute contact, or 
tbe compressibility or contractibility ,vhich is the inseparable property 
of any mass would not exiBt. For argument's sake, ho,vever, let it 
be admitted that from absolute contact or any other cause heat-mo- 
tion is a uniform one. If it be a purely axial rotation, then the equa- 
tors of the atoms move faster than the poles, and the nlovelnellt is 
not homogeneous. Exactly so, if the atom describe as an orbit a 
circle, ellipse, or other figure recurrently. Such motion woulJ iu- 
volve axial rotation, the atom would resenl ble our earth, ana different 
parts of it ,vould move with different velocities. In the case of t,vo 
tangible spheres of like dimensions it is easy to show that, when swift- 
ly moving at an equal rate, tbe speed of the one can be accelerated at 
the expense of the other, by applying it at a point not equatorial to 
the equator of its neighbor. In some such ,yay it is conceivable that 
differences in molecular nlotion may w.iden from those subsisting be- 
tween the parts of an individual molecule. 
The imperfect homogeneity of thermal motion, wl1Ïch is here con- 
tended for, has some palpable parallels in the distribution of two 
other phases of energy-electricity of high tension and magnetism; 
these forces are cumulative in their manifestations, increasing in 
intensity toward the poles of the masses presenting them. 
Thirdly, it is not strictly an accurate premise in the theory that, 
when heat is produced from any other force, it is unaccompanied by 
any phase of energy not thermaL Increments of heat invariably alter 
the dimensions of bodies, as a rule expand them, and thus part of the 
original energy applied appears as gravity. The sun in warluing the 
earth's atInosphere lifts it, and, when the air cools, its fall is of no in- 
significant dynamic value. 'Yhat is so evident in this extrerne case 
is true of any Inass whatever when heated. Not only is heat pitted 
against gravity, but at times against cohesive and crystalline forces, 
\vhich, though overcome, must Inodify and din1Ìnish its effect
. 
There is a check to the continuous increase of ten1peratnre which 
is of much more importance than those just noted, hut akin to tIIem: 
.1\, compound substance receives additions of heat with tolerable even- 
ness up to a certain point, when it is resolved into t,vo or more sim- 
ple constituents, according to its complexity. These if compound are 
in turn decomposed into their chemical elements if more heat be ap- 
plied. N O'V, chmnical energy is a motion quite distinct by itself, and 
"'
e find that heat in its higher degrees nlust coexist \\rith it. So that 
on this account we cannot accept the notion that beat is ever to be- 
come the only kind of motion in the universe. In so doing ,ve recog- 
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nize another reason for believing that Nature will never attain abso- 
lute equilibriuln, from the variety of forces ever abiding together 
,vi thin her sphere. 
Fourthly, our present inability to obtain the movement of masses 
frolll tbe motion of molecules or small masses-that is, the derh-ation 
of work from uniformly heated matter-does not decide that such con- 
version is impossible in Nature, or even to science in the future. 
,,-rhile it is perfectly right to reason from wbat we know, it is of 
yet higher importance to constantly bear in mind how little we. know. 
It ,vould require infinite knowledge to say that the motion of uniform 
heat may not be transformable into phases of energy quite as divetse 
as high and low temperatures. 
Such a change would not contravene the truth of the uncreatability 
or indestructibility of force, but would simply be an enlargement of 
the known, which everyone feels to be indefinitely sman as compared 
with the knowable. The possibility here suggested may be conceiv- 
able as depending on the definiteness in size of atoms; or, on the va- 
riety of Inotions to 'w'hich the differences between atoms, as chemical 
elements, may give rise-differences in size and form; or, on the va- 
riety of motions implied by the checks offered to steady accessions of 
temperature, already eXplained in this paper. 
One of the first principles to which the mind clings as fundamental 
is, that e\"ery truth has its converse. Although this may seem an 
axiom, yet its demonstration may be often very difficult, and, at 
times, even impossible. A knife-blade held over a gas-flame fo
 a 
moment sho'ws that hydrogen and oxygen combine to form watery 
vapor; yet the proof of the converse-the decomposition of water 
into its elements-demands extensive and powerful apparatus. Oer- 
sted, in a happy hour, noticed that an electric wire moved a magnetic 
needle; but years of experiInent had to elapse before the electro-mag_ 
net and the magneto-electric machine established the complementary 
principles in a practical form. The analysis of compounds, chemi- 
cally, is ,"astly easier than the building them up from their elements. 
"T e know tbe exact percent:1ges of carbon, hydrogen, and oxygen, 
tbat go to n1ake up sugar, and can express to a nicety the dynamical 
relations of the compound to its 
lemellts; but how to bring about 
tbe changes desired, with economy, is what puzzles us. 
Whpu we see high and low temperatures coming to an equality, 
it is certainly permissible to entertain faith in the possibility of the 
converse; in a change equiyalent to a mass becoming, in its several 
parts, hotter and colder. To have recourse to such a supposition is 
less straining to the mind than the alternatives usually proposed by 
the theory under consideration. 
If that theory be true, the question suggests itself, "Why has not 
the universe come to death by this time, for limits cannot be imagined 
to past duration? " 
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To this two replies' have been given by the ma,intainers of the 
theory: That the universe has either had a beginning in time; or 
that, if it be really eternal, there are revolutions in its laws unkno,v- 
able to man-interpositions of Creative Will ! 
These men of science are plainly not afraid of carrying out their 
opinions rigorously to their logical conclusions, but is their informa- 
tion as to the nature and relations of the phases of energy wide and 
deep enough to warrant them in framing an hypothesis so lofty as to 
include tbe cosmos and eternity? Hardly. 
At the present stage of science, a student pondering the subject 
so briefly presented here may be compared to a judge before whom 
a few witnesses in an important case have appeared. As he hears 
each one, he makes, for convenience' sake, a provisional summing-up, 
and tacks the testimony together in one directive line. But it would 
be a most injudicial act to mistake a provisional opinion for a final 
judgment, and, with an indefinite number of witnesses unheard, to 
pronounce sentence of death. 


. . . 


ILLUSTRATIONS OF TI-IE LOGIC OF SCIENCE. 


By C. S. PEIRCE, 


ASSISTANT IN THE UNITED STATES COAST SURVEY. 


FOURTH PAPER.-THE PROBABILITY OF I
DUCTION. 


I. 
W E have found that every argument derives its force from the 
general truth of the class of inferences to which it belongs; 
and that probability is the proportion of arguments carrying truth 
with thern among those of any genus. This is most convenientlyex- 
pressed in the nonlenclature of the mediæ'Tal logicians. They called 
the fact expressed by a premise an antecedent, and that which follows 
froln it its consequent j while the leading principle, that every (or al- 
most every) such antecedent is followed by such a consequent, they 
termed the consequence. Using this language, we may say that prob- 
ability belongs exclusively to consequences, and the probability of any 
consequence is tbe number of times in which antecedent and conse- 
quent both occur divided by the number of all the times in which the 
antecedent occurs. From this definition are deduced tIle follo'wing 
rules for the addition and multiplication of probabilities: 
Rulefor the .Addition of Probabilities.-Given the separate proba- 
bilities of two consequences having the same antecedent and incom- 
patible consequents. Then the sum of these two numbers is the prob- 
ability of the consequence, that from the same antecedent one or 
other of those consequents follows. 
VOL. XII.-45 
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Rule for tlw ÞIultiplication of Probabilities.-Given the separate 
probabilities of tbe two consequences, "If A thf\n B," and" If both 
A and B, then C." Then tbe product of these two numbers is the 
probability of tbe conseqnence, "If A, then both Band C.í' 
Special Rule for the Multiplication of Independent Probabilities.- 
Given the separate probabilities of two consequences having t4e same 
antecedents, " If A, then B," and" If A, then C." Suppose that these 
consequences are such that the probability of the second is equal to 
the probability of the consequence, "If both A and B, then C." rfhen 
the product of the two given numbers is equal to the probability of 
the consequence, "If A, then both Band C." . 
To show the working of these rules we may examine the proba- 
bilities in regard to throwing dice. 'Yhat is the probability of throw- 
ing a six with one die? The antecedent here is the event of throwing 
a die; the consequent, its turning up a six. As the die lIas six sides, 
all of which are turned up with equal frequency, the probability of 
turning up anyone is t. Suppose two dice are thrown, 'what is tbe 
probability of throwing sixes? The probability of either coming up 
six is obviously the same when both are thro'wn as wben one is thrown 
-namely, t. The probability tbat either will come up six ,vhen tbe 
other does is also the same as that of its coming up six whether tIle 
other does or not. The probabilities are, therefore, independent; and, 
by our rule, the probability that both events win happen togetber is 
the product of tbeir several probabilities, or t X t. What is the 
probability of throwing deuce-ace? The probability that the first 
.lie will turn up ace and the second deuce is the same as the proba- 
bility that both 'will turn up sixes-namely, 3\; the probability that 
the second will turn up ace and the first deuce is likewise -g\; tbes{\ 
two events-first, ace; second, deuce; alld, second, ace; first, deuce 
-are incompatible. lIenee the rule for addition holds, and the prob- 
ability that either will come up ace and the other deuce is -g
 + 3
" 
or -h. 
In this way all problems about dice, etc., nuty be solved. When 
the number of dice thrown i
 supposed very large, matbenlatics (which 
may be defined as the 3rt of making groups to faci1itate numeration) 
comes to our aid with certain devices to reduce the difficulties. 


II. 
The conception of probability 3S a l11atter of fact, i. e., as the pro- 
portion of times in which an occurrence of one kind is accompanied 
by an occurrence of another kind, is termed ùy )11'. Venn the mate- 
rialistic vie,v of the subject. But probability has often been regarded 
as being simply the degree of be1ief which ought to attacb to a 
proposition; and this mode of explaining tIle idea is termed by Venn 
the conceptualistic vie\,r. l\Iost writers have mixed the t,vo conceptions 
together. They, first, define the probability of an event as tbe reason 
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we have to believe that it has taken place, which is conceptualistic; 
but shortly after they state that it is the ratio of the number of cases 
favorable to the event to the total number of cases favorable or 
contrary, and all equally possible. Except that this introduces the 
thoroughly unclear idea of cases equally possible in place of cases 
equally frequent, this is a tolerable statement of the materialistic 
view. The pure conceptualistic theory has been best expounded by 
1\11'. De Mo
gan in his "Formal Logic: or, the Calculus of Infer- 
ence, Necessary and Probable." 
The great difference between the two analyses is, that the con- 
ceptualists refer probability to an event, while the materialists make 
it the ratio of frequency of events of a species to those of a genus 
over that species, thus giving it two terms instead of one. The oppo- 
sition may be made to appear as follow
 : 
Suppose that we have two rules of inference, such that, of all the 
questions to the solution of which both can be applied, the first yields 
correct answers to lo
 , and incorrect answers to the remaining -/0 9 0 ; 
w.hile the second yields correct answers to -{030 , and incolTect answers 
to the remaining rto. Suppose, further, that the two rules are en- 
tirely independent as to their truth, so that the second answers cor- 
rectly -(030 of the questions ,vhich the first ans,,
ers correctly, and also 
1 9 0 3 0 of the questions which the first answers incorrectly, and answers 
incorrectly the remaining Tt-o of the questions which the first answers 
correctly, and also the remaining -rlo of the questions which the first 
answers incorrectly. Then, of all the questions to the solution of 
which both rules can be applied- 
93 81 93 X 81 
both answer correctlv. . . . . . . .. . . . . . . . . . . . . .. . . . . . . . .. - of - or . 
. 100 100' 1út) X Iuu ' 
the second answers correctly and the first incorrectly.. . .. 93 of 2? _ or _93 X 19 . 
]00 100' 100 X 100' 
the second answers in('orrcctly and the first correctly. . . .. 
 of 
 or '7 X 81 . 
100 100' 100 X 100 · 
and both answer correctly. . . . . . . .. . . ... . . .. . . . . . . . . . .. -Y.. _ of ! 9_ 0 '7 
 9 _' 
100 100' r 100 X 100 ' 


Suppose, now, that, in reference to any question, both give tl1C 
same answer. Then (the questions being always such as are to be an- 
swered by yes or no), those in reference to which their answers agree 
are the same as those which both answer correctly together with tbose 
. 93 X 81 7 X 19 
WhlCh both answer falsely, or + of all. The pro- 
100 X 100 100 X 100 
portion of those which bot h ans,ver correctly out of those their an- 
swers to which agree is, therefore- 
93 X 81 
100 X 100 93 X 81 
93 X 81 7 X 19 or (93 X 81) + (7 X 19). 
100 X 100 + 100 X 100 
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This is, therefore, the probability that, if both modes of inference 
yield the same result, that result is correct. "T e may here conven- 
iently make use of another mode of expression. Probability is the 
ratio of the favorable cases to all the cases. Instead of expressing 
our result in terms of this ratio, we may ]nake use of another-the 
ratio of favorable to unfavorable cases. This last ratio may be called 
the chance of an event. Then the chance of a true answer by the 
first mode of inference is -it and by the second is V; and the chance 
of a correct answer from both, when they agree, is- 
81 X 93 or 
 X
 
19 X 7 19 7, 
or the product of the chances of each singly yielding a true an- 
swer. 
It will be seen that a chance is a quantity which may have any 
magnitude, however great. An event in whose favor there is an even 
chance, or t, has a probability of t. An argument having an even 
chance can do nothing toward reënforcing others, since according to 
the rule its combination with another would only multiply the chance 
of the latter by 1. 
Probability and chance undoubtedly belong primarily to conse- 
sequences, and are relative to premises; but we may, nevertheless, 
speak of the chance of an event absolutely, meaning by that the 
chance of the combination of all arguments in reference to it which 
exist for us in the given state of our knowledge. Taken in this sense 
it is incontestable that the chance of an event has' an intimate 
connection with tbe degree of our belief in it. Belief is certainly 
something more than a mere feeling; yet there is a feeling of believ- 
ing, and this feeling does and ought to vary "Tith the chance of the 
thing believed, as deduced from all the argulnents. Any quantity 
which varies with the chance might, therefore, it would seem, serve 
as a thermometer for the proper intensity of belief. Among all such 
quantities there is one which is peculiarly appropriate. When there 
is a very great chance, tl)e feeling of belief ought to be very intense. 
Absolute certainty, or an infinite chance, can never be attained by 
mortals, and this lllay be represented appropriately by an infinite be- 
lief. As tbe chance diminishes the feeling of believing should dimin- 
ish, until an even chance is reached, where it should completely vanish 
and not incline either toward or away fron1 the proposition. 'Vhen 
the chance becomes Jess, then a contrary belief should spring up 
and should increase in intensity as the chance diminishes, and as 
the chance almost vanishes (which it can never quite do) t.he contrary 
belief should tend toward an infinite intensity. Now, there is one 
quantity which, more simply than any other, fulfins these conditions; 
it is the logarithm of the chance. But there is another considera- 
tion which must, if admitted, fix us to this choice for our thermometer. 
It is that our belief ought to be proportiönal to the weight of evi- 
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dence, in this sense, that two arguments which are entirely indepen- 
dent, neither weakening nor strengthening each other, ought, when 
they concur, to produce a belief equal to the sum of the intensities of 
belief which either would produce separately. Now, we bave seen 
that the chances of independent concurrent arguments are to be mul- 
tiplied together to get the chance of their combination, and therefore 
the quantities which best express the intensities of belief should be 
snch that they are to be added when the chances are multiplied in order 
to produce the quantity which corresponds to the combined chance. 
Now, the logarithm is the only quantity which fulfills this condi- 
tion. There is a general law of sensibility, called Fechner's psycho- 
physical law. It is that the intensity of any sensation is proportional 
to the logarithm of the external force which produces it. It is en- 
tirely in harmony with this law that the feeling of belief should be as 
the logarithm of the chance, this latter being the expression of the 
state of facts which produces the belie.f. 
'fhe rule for the combination of independent concurrent arguments 
takes a very simple form when expressed in terms of the intensity of 
belief, measured in the proposed way. It is this: Take the sum of 
all the feelings of belief which would be produced separately by all 
the arguments pro, subtract from that the similar sum for arguments 
con, and the remainder is the feeling of belief which "re ought to have 
on the whole. This is a proceeding which men often resort to, under 
the name of balancing reasons. 
These considerations constitute an argument in favor of tbe con- 
ceptualistic view. The kernel of it is that the conjoint probability of 
all the arguments in our possession, with reference to any fact, must 
be intimately connected with the just degree of our belief in that 
fact; and this point is supplemented by various others showing the 
consistency of the theory with itself and with the rest of our knowl- 
edge. . 
But probability, to have any value at all, must express a fact. It 
is, therefore, a thing to be inferred upon 
vidence. Let us, then, con- 
sider for a moment the formation of a belief of probability. Suppose 
we have a large bag of beans from which one has been secretly taken 
at random- and hidden under a thimble. We are now to form a prob- 
able judgment of the color of that bean, by drawing others singly 
from the bag and looking at them, each one to be thrown back, and 
the whole well mixed up after each drawing. Suppose the first draw- 
ing is white and the next black. We conclude that there is not an 
immense preponderance of either color, and that there is something 
like an even chance that the bean under the thimble is black. But 
this judgment may be altered by the next few drawings. When we 
have drawn ten times, if 4, 5, or 6, are white, we have more confidence 
that the chance is even. When we have drawn a thousand times, if 
about half have been white, we have great confidence in this result. 
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We now feel pretty sure that, if we were to make a large number of 
bets upon the color of single beans drawn from the bag, ,ve could ap- 
proxilnately insure ourselves in the long run by betting each time 
upon the ,vhite, a confidence which would be entirely wanting if, in- 
stead of sampling the bag by 1,000 drawings, we had done so by only 
two. N ow, as the wh?le utility of probability iA to insure us in the 
long run, and as that assurance depends, not merely on the value of 
the chance, but also on the accuracy of the evaluation, it fo}]ows that 
we ought not to have the same feeling of belief in reference to all 
events of which the cbance is even. In short, to express the ]Jroper 
state of our belief, not one number but tUJO are requisite, the fi'rst 
depending on the inferred probability, tbe second on the amount of 
knowledge on which that probability is based/ It is true tbat when 
our knowledge is very precise, when we have made many drawings 
from the bag, or, as in most of the examples in the books, when the 
total contents of the bag are absolutely kno,,"'n, the nun1ber which ex- 
presses the uncertainty of the assumed probability and its liability to 
be changed by further experience may become insignificant, or utterly 
vanish. But, when our knowledge is very slight, this nunlber may be 
even more important than the probability itself; and ,,,,hen we have 
no knowledge at all this completely overwhelms the other, so that 
there is no sense iu !Saying that the chance of the totally unknown 
event is even (for ,vhat expresses absolutely no fact has absolutely no 
meaning), anc1 what ought to be said is that the chance is entirely 
indefinite. We thus perceive that the conceptualistic view, though 
answering well enough in some cases, is quite inadequate. 
Suppose that the first bean which ,ve drew from our bag were 
black. That would constitute an argument, no l11atter how slender, 
that the bean under the thimble was also Llack. If the second bean 
were also to turn out black, that would be a second independent argu- 
ment reënforcing the first. If the whole of the first twenty beans 
drawn should prove hlack, our confidence that the bidden bean ,vas 
black would justly attain considerable strength. But suppose the 
twenty-first bean were to be white and that we were to go on draw- 
ing until we found that we bad drawn 1,010 black beans and 990 
white ones. We should conclude tbat our first t,venty beans being 
black was simply an extraordinary accident, and tllat in fact the pro- 
portion of white beans to black was sensibly equal, and that it was an 
even chance that the hidden be!n ,vas black. Yet according to the 
rule of balancing reasons, since all the drawings of black beans are 
so many independent arguments in favor of the one under the thimble 
being black, and all the white drawings so many against it, an excess 
of twenty black beans ought to produce the same degree of belief 
that the hidden bean was black, whatever the total number drawn. 
1 Strictly we should need an infinite series of numbers each depending on the prob- 
able error of the last. 
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In the conceptualistic view of probability, complete ignorance, 
,vhere the judgment ought not to swerve either toward or away from 
the hypothesis, is represented by the probability 
. 1 
But let us suppose that ,ve are totally ignorant what colored hair 
the inhabitants of Saturn have. Let us, then, take a color-chart in 
which all possible colors are ShO'Wll shading into one another by im- 
perceptible degrees. In such a chart the relative areas occupied by 
different classes of colors are perfectly arbitrary. Let us inclose such 
an area with a closed line, and ask ,vhat is the chance on concep- 
tualistic principles that the color of the hair of the inhabitants of Sat- 
urn falls within that area? The answer cannot be indeterminate be- 
cause we must be in SOlne state of belief; and, intleed, conceptualistic 
writers do not admit indeterminate probabilities. As there is no cer- 
tainty in the matter, the answer lies between ze-ro and ulLity. As no 
numerical value is afforded by the data, the number must be deter- 
mined by the nature of the scale of prohability itself, and not by cal- 
culation froln the data. The answel' can, therefore, only be one-half, 
since the judgnlent should neither favor nor oppose the hypothesis. 
What is true of this area is true of any other one; and it will equaIly 
be true of a third area which embraces the other two. But the proba- 
bility for each of the smaller areas being one-half, that for the larger 
'Should be at least unity, which is absurd. 


III. 
All our reasonings are of two kinds: 1. EæplicatÏ1.,e, analytic, or 
{l3ductive j 2. Amplifiative, synthetic, or (loosely speaking) inductive. 
In explicative reasoning, certain facts are first laid down in the prem- 
ises. These facts are, in every case, an inexhaustible multitude, but 
they may often be summed up in one simple proposition by m
ans 
of son1e regularity which runs through them all. Thus, take tIJe 
proposition that Socrates was a man; this implies (to go no further) 
that during every fraction of a second of his "Thole life (or, if you 
please, during the greater part of them) he was a man. He did not 
at one instant appear as a tree and at another as a dog; he did not 
flow into water, or appear in two places at once; you could not put 
your finger through him as if he were an optical image, etc. Now, 
the facts being thus laid down, some order among some of them, not 
particularly made use of for the purpose of stating them, may per- 
haps be discovered; and this 'will. enable us to throw part or all of 
them into a new statement, the possibility of which might have 
escaped attention. Such a statement will be the conclusion of an 
analytic inf
rence. Of this sort are all mathematical demonstrations. 
But synthetic reasoning is of another kind. In this case the facts 
summed up in the conclu
ion are not among those stated in the prem- 
t "Perfect indecision, belief inclining neither wa
', an even cbance."-D& MORGAS', 
p. 182. 
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ises. They are different facts, as when one sees tbat the tide rises 
m times and concludes that it will rise the next time. These are 
the only inferences which increase our real knowledge, however use- 
ful tbe others may be. 
In any problem in probabilities, we have given the relative fre- 
quency of certain events, and we perceive that in these facts the rela- 
tive frequency of another event is given in a hidden way. This being 
stated makes the solution. This is therefore mere explicative rent3on- 
ing, and is evidently entirely inadequate to the l'epresentation of syn- 
thetic reasoning, which goes out beyond the fàcts given in the prem- 
ises. There is, therefore, a manifest impossibility in so tracing out 
any probability for a synthetic conclusion. 
l\-Iost treatises on probability contain a very different doctrine. 
They state, for example, that if one of the ancient denizens of the 
shores of the 1'lediterranean, who had never heard of tides, had gone 
to the bay of Biscay, and had there seen the tide rise, say m times, 
he could know that there was a probability equal to 
m+l 
rn+2 
that it would rise the next time. In a wen-known work by Quetelet, 
much stress is laid on this, and it is made the foundation of a theory 
of inductive reasoning. 
But this solution betrays its origin if we apply it to the case in 
which the man has never seen the tide rise at -all; that is, if we put 
m = o. In this case, the probability that it will rise the next time 
comes out 
, or, in other words, the solution involves the concep- 
tualistic principle that there is an even chance of a totally unknown 
event. The manner in which it has been reached has been by con- 
sidering a number of urns all containing the same number of balls, 
part white and part black. One urn contains all white balls, another 
one black and the rest white, a third two black and the rest white, 
and so on, one urn for each proportion, until an urn is reached con- 
taining only black balls. But the only possible reason for drawing 
any analogy between such an arrangement and that of Nature is the 
principle that alternatives of which we know nothing must be con- 
sidered as equally probable. But this principle, is absurd. There is 
an indefinite variety of ways of enumerating the different possibilities t 
which, on the application of this principle, would give different results. 
If there be any way of enumerating the possibilit.ies so as to make them 
all equal, it is not that from which this solution is derived, but is the 
following: Suppose we had an immense granary filled 'with black and 
,vbite balls well mixed up; and suppose each urn were filled by taking 
a fixed number of balls from this granary quite at random. The rela- 
tive number of white balls in the granary might be anything, say 
one in three. Then in one-third of tbe urns the first ball would 
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be white and in two-thirds black. In one-third of those urns of which 
, 
the first ball was white, and also in one-third of those in which the 
first ball was black, the second ball would be white. In this way, 
we should have a distribution like that shown in the following 
table, where w stands for a white ball and b for a black one. The 
reader can, if he chooses, verify the table for himself. 


wwww. 
wwwb. wwbw. wbww. bwww. 
wwwb. wwbw. wbww. bwww. 
wwbb. wbwb. bwwb. wbhw. bw bw. bbww. 
wwbb. wbwb. bwwb. wbbw. bwbw. bbww. 
wwbb. wbwb. bwwb. wbbw. bwbw. bbww. 
wwbb. wbwb. bwwb. wbbw. bwbw. bbww. 
wbbb. bwbb. bbwb. bbbw. 
,vbbb. bwbb. b bw b. bbbw. 
wbbb. bw bb. bbwb. bbbw. 
wbbb. bwbb. b bwb. bbbw. 
wbbb. bwbb. bbwb. bbbw. 
,vbbb. bwbb. bbwb. bbbw. 
wbbb. bwbb. bbwb. bbbw. 
wbbb. bwbb. bbwb. bbbw. 


b b b b. 
bbbb. 
bbbb. 
bbbb. 
bbbb. 
bbbb. 
bbbb. 
bbbb. 
bbbb. sets we should have had 
bbbb. 
bbbb. 
bbbb. 
bbbb. sets; on the other hand, had the numbers of black and white 
bbbb. balls in the granary been even, there would have been but 
bbbb. one set in each group. Now suppose two balls were drawn 
bbbb. froln one of these urns and were found to be both white, ,vhat 
would be the probability of the next one being white? If the two 
drawn out were the first two put into the urns, and the next to be 
drawn out were the third put in, then the probability of this third 
being white would be the same whatever the colors of the first two, 
for it has been supposed that just the same proportion of urns has 
the third ball white among those which have the first two white-white, 
white-black, black-'lohite, and black-black. Thus, in this case, the chance 


In the second group, where there is one b, there are two 
sets jURt alike; in the third there are 4, in the fourth 8, and in 
the fifth 16, doubling every time. This is because we have 
supposed twice as many black balls in the granary as white 
ones; had we supposed 10 times as many, instead of 


1, 


2, 


4, 


8, 


16 


1, 


10, 


1000, 


10000 


100, 
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of the third ball being 'white would be tl1e same whatever tl1e first 
two were. But, by inspecting the table, the reader can see that in 
each group all orders of the balls occur \yith equal frequency, so that 
it makes no difference whether they are drawn out in the order they 
were put in or not. IIence the colors of the balls already drawn have 
no influence on the probability of any other being white or black. 
Now, if there be any way of enumerating the possibilities of 
Nature so as to make them equally probable, it is clearly one which 
should make one arrangement or combination of the eh:ments of K a. 
ture as probable as another, that is, a distribution like that 'we have 
supposed, and it, therefore, appears that the assumption that any s,uch 
thing can be done, leads simply to the conclusion that reasoning from 
past to future experience is absolutely worthless. In fact, tbe moment 
that you assume that tbe chances in favor of tbat of which we are to- 
tally ignorant are even, the problem about the tides does not differ, 
in any arithmetical particular, from the case in which a penny (known 
to be equal1y likely to come up heads and tails) should turn up headR 
in times successively. In short, it would be to assume that Nature is 
a pure chaos, or cbance combination of independent elements, in which 
reasoning from one fact to another would be ilnpossible; and since, as 
we shall hereafter see, there is no judgment of pure observation with- 
out reasoning, it would be to suppose all human cognition illusory and 
no real knowledge possible. It 'would be to suppose that if ,ve bave 
found the order of Nature more or less regular in the past, this has 
been by a pure run of luck "which we may expect is now at an end. 
N o,v, it may be \ve l)ave no scintiUa of proof to the contrary, but 
reason is unnecessary in reference to that belief which is of all the 
most settl
d, which nobody òoubts or can doubt, and wlÜcb he who 
should deny would stultify himself in so doing. 
The relative probability of this or that arrangelnent of K ature is 
something which we should have a right to talk about if universes 
-ryere as plenty as blackberries, if we could put a quantity of them in 
a bag, shake them well up, draw out a sample, and examine them to 
see what proportion of them had one arrangement and what propor- 
tion another. But, even in that case, a higher universe would contain 
us, in regard to whose arrangements the conception of probability 
could have no applicability. 


IV. 
We have examined the problem proposed by the conceptualists, 
which, translated into clear language, is this: Given a synthetic con- 
elusion; required to know out of all possible states of things how many 
will accord, to any assigned extent, with this conclusion; and we have 
found that it is only an absurd attempt to reduce synthetic to analytic 
reason, and that no definite solution is possible. 
But there is another problem in connection with this subject. It 


. 
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is this: Given a certain state of things, required to know what pro- 
portion of all synthetic inferences relating to it \vill be true within a 
given degree of approximation. Now, there is no difficulty about this 
problem (except for its mathematical complication) ; it has been much 
studied, and the answer is perfectly well known. And is not this, 
after all, what we want to know much rather than tbe other? 'Vhy 
should we want to know the probability that tbe fact will accord with 
our conclusion? That implies that we are interested in all possible 
worlds, and not merely the one in which we find ourselves placed. 
"\Vhy is it not much more to the purpose to know the probability that 
our conclusion will accord with the fact? One of these questions is 
the first above stated and the other the second, and I ask the reader 
whether, if people, instead of using the word probability without any 
clear apprehension of their own meaning, l}ad always s})oken of rela- 
tive frequency, they could have failed to see that what they wanted 
was not to follow along the synthetic procedure with an analytic one, 
in order to find the probability of the conclusion; but, on the con- 
tral"y, to begin with the fact at which the synthetic inference aims, 
and follow back to the facts it uses for premises in order to see the 
probability of their being such as will yield the truth. 
As we cannot have an urn with an infinite number of balls to rep- 
resent the inexhaustibleness of Nature, let us suppose one with a finite 
number, each ball being thrown back into the urn after being drawn. 
out, so that there is no exhaustion of them. Suppose one ball out of 
three is white and the rest black, and that four balls are drawn. Then 
the table on page 713 represents the relative frequency of the different 
ways in which these balls might be drawn. It win be seen that if we 
should. judge by these four bans of the proportion in the urn, 32 times 
out of 81 we should find it -1, and 24 times out of 81 we should :find it 
-
, the truth being t. To extend this table to high numbers would be 
great labor, but ihe mathematicians have found some ingenious ways 
of reckoning what the numbers would be. It is found that, if the true 
proportion of white balls is p, and 8 balls are drawn, then the error of 
the proportion obtained by the induction will be- 
. /2p(1-p) 
half the time within 0.4 77 'V 8 
/ 2p(l- p ) 
9 times out of 10 within 1.163 1 8 
99 times out of 100 within 1.821/ 2 1'(1 8 -1') 
/ 2p(l- p ) 
999 times out of 1,000 within 2.328 1 8 
/2p(1-p) 
9,999 times out of 10,000 within 2.751 1 8 
/ 2p(I-P) 
9,999,999,999 times out of 10,000,000,000 within 4.77 1 8 
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The use of this may be illustrated by an example. By the cen.. 
sus of 1870, it appears that the proportion of males among native 
white childr
n under one year old was 0.5082, while among colored 
children of the same age the proportion ,vas only 0.4977. The differ.. 
ence between these is 0.0105, or about one in a 100. Can this be 
attributed to chance, or would tbe difference always exist among 
a great number of white and colored children under like circum.. 
stances? Here'p may be taken at t; hence 2p (l-p) is also i. The 
number of white children counted was near 1,000,000; hence the 
fraction "r hose square..root is to be taken is about 200 A 0 0 O . The root 
is about TiõO' and this multiplied by 0.477 gives about 0.0003 as tlle 
probable error in the ratio of males among the whites as obtained 
from the induction. The number of black children was about 150,000, 
which gives 0.0008 for the -probable error. We see that the actual 
discrepancy is ten times the sum of these, and such a result would 
happen, according to our table, only once out of 10,000,000,000 cen- 
suses, in the long run. 
It may be remarked that when the real value of the probability 
sought inductively is either very large or very small, tbe reasoning is 
more secure. Thus, suppose there were in reality one white ball in 
100 in a certain urn, and we were to judge of the number by 100 draw- 
ings. The probability of drawing no white ball would be lWÕ; that 
.of drawing one white ball would be lNo; that of drawing two would 
be io 8 0 5 o ; that of drawing three would be 1 g A 0 ; that of drawing four 
would be ïi-h; that of drawing five would be only 
, etc. Thus 
we should be tolerably certain of not being in error by more than 
one ball in 100. 
It appears, then, that in one sense we can, and in another we can- 
not, determine tbe probability of synthetic inference. 'Vhen I rea- 
son in this way: 
Ninety-nine Cretans in a hundred are liars; 
But Epimenides is a Cretan; 
Therefore, Epimenides is a liar :- 
I know that reasoning similar to that would carry truth üO times in 
100. But when I reason in the opposite direction: 
1\-Iinos, Sarpedon, Rhadamanthus, Deucalion, and Epimenides, are 
all the Cretans I can think of; 
But these were all atrocious liars, 
Therefore, pretty much all Cretans must bave been liars; 
I do not in the least know how often such reasoning would carry me 
right. On the other hand, what I do know is that some definite 
proportion of Cretans must have been liars, and that this propor- 
tion can be probably approximated to by an induction frOllI five 
or six instances. Even in the worst case for the probability of such 
an inference, that in which about half the Cretans are Hars, the ratio 
so obtained would probably not be in error by more than t. So much 
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I know; but, then, in the present case the inference is that pretty 
much all Cretans are liars, and whether there may not be a special 
improbability in that I do not know. 


v. 


Late in the last century, Immanuel Kant asked the question, 
"How are synthetical judgments a priori possible?" By synthet- 
ical judgments he meant sucb as assert positive fact and are not 
mere affairs of arrangement; in short, judgments of the kind which 
synthetical reasoning produces, and ,vhich analytic reasoning cannot 
yield. By a priori judgments he meant such as that all outward ob- 
jects are in Epace, every event has a cause, etc., propositions which 
according to him can never be inferred from experience. Not so 
much by his answer to this question as by the mere asking of it, the 
current philosophy of that time was shattered and destroyed, and a 
new epoch in its history was begun. But before asking that question 
he ought to have asked the more genera-lone, "IIow are any synthet- 
ical judgments at all possible?" How is it that a man can observe 
one fact and straightway pronounce judgment concerning another 
different fact not involved in the first? Sucb reasoning, as we have 
seen, has, at least in the usual sense of tbe phrase, no definite proba- 
bility; ho,v, then, can it add to our knowledge? This is a strange 
paradox; the Abbé Gratry says it is a miracle, and that every true 
induction is an immediate inspiration from on high. l I respect this 
explanation far more than many a pedantic attempt to solve the ques- 
tion by some juggle with probabilities, with the forms of syllogism, 
or what not. I respect it because it sho.ws an appreciation of the 
depth of the problem, because it assigns an adequate cause, and be- 
cause it is intimately connected-as the true account should be- 
with a general philosophy of the universe. At tbe same tin1c, I do 
not accept this explanation, because an explanation should tell how 
a thing is done, and to assert a perpetual miracle seems to be an 
abandonment of all hope of doing that, without sufficient justification. 
It will be interesting to see how the answer which Kant gave to' 
his question about synthetical judgments a priori will appear if ex- 
tended to the question of synthetical judgments in general. That 
answer is, that synthetical judgments a priori are possible because 
whatever is universally true is involved in the conditions of expe- 
rience. Let us apply this to a general synthetical reasoning. I takc 
from a bag a handful of beans; they arc all purple, and I infer that 
all the beans in the bag are purple. Ho,v can I do that? 'Vby, upon 
the principle that whatever is universally true of my experience (which 


1 Logique. The same is true, according to bim, of every performancc of a differen- 
tiation
 but not of integration. He does Dot tcll us whether it is the supernatural assist- 
ance which makes the former process so much tbe easier. 
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is here the appearance of these different beans) is in,.olved in tbe con
 
dition of experience. The condition of this special experience is that 
all the
e beans were taken from that bag. According to !{ant's princi- 
ple, then, whatever is found true of all the beans drawn from the bag 
must find its explanation in some peculiarity of the contents of the 
bag. This is a satisfactory statement of the principle of induction. 
'Vhen we draw a deductive or analytic conclusion, our rule of 
inference is that facts of a certain general character are either in- 
variably or in a certain proportion of cases accompanied by facts of 
another general character. Then our premise being a fact of the 
former class, we infer with certainty or with the appropriate degree 
of probability the existence of a fact of the second class. But the 
rule for synthetic inference is of a different kind. When we sample 
a bag of beans we do not in the least assume that the fact of some 
beans being purple involves the necessity or even the probability of 
other beans being so. On the contrary, the conceptualistic method 
of treating probabilities, which really amounts simply to the deduc- 
tive treatment of them, 'when rightly carried out leads to the result 
that a synthetic inference has just an even chance in its favor, or in 
other words is absolutely worthless. The color of one bean is en- 
tirely independent of that of another. But synthetic inference is 
founded upon a classification of facts, not according to their charac- 
ters, but according to tbe manner of obtaining them. Its rule is, that 
 
number of facts obtained in a 
iven way ,,,,ill in general more or less 
resemble otLer facts obtained in the same way; or, experiences whose 
conditions are the same will have the saIne general characters. 
In the former case, we know that premises precisely similar in 
form to those of the given ones will yield true conclusions, just once 
in a calculable number of tinles. In the latter case, we only know 
that premises obtained under circumstances similar to the given ones 
(though perhaps themselves very different) will yield true conclusions, 
at least once in a calculable number of times. We may express this 
by sayipg that in the case of analytic inference we know the proba- 
bility of our conclusion (if the premises are true), but in the case of 
synthetic inferences we only kno"," the degree of trustworthiness of 
our proceeding. As all knowledge comes from 8yntbetic inference, 
we must equally infer that all num.an certainty consists merely in our 
knowing that the processes by which our knowledge bas been derived 
are such as must generally have led to true conclusions. 
Though a synthetic inference cannot by any means be reduced to 
deduction, yet that the rule of induction will hold good in the long 
run may be deduced from the principle that reality is only the object 
of the final opinion to which sufficient investigation would lead. 
That ,belief gradual1y tends to :fix itself under the influence of inquiry 
is, indeed, one of the facts with which logic sets out. 
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ON EDISON'S TALICING-MACIIINE.l 


By ALFRED :M. MAYER. 


M R. THO:\IAS A. EDISOY has recently invented an instrument 
which is undoubtedly the acoustic Inarvel of the century. It is 
called the "Speaking Phonograph," or, adopting the Indian idiom, 
one may aptly call it" The Sound - TVi'iter who talks." 
Iuch curiosity 
has been expressed as to the ,"vorkings of this instrument, so I purpose 
giving an account of it. 
All talking-machines may be reduced to two types. That of Prof. 
Faber, of Vienna, is the nlost perfect example of one type; that of 
1\11'. Edison is the only example of the other. 
Faber worked at the source of articulate sounds, and built up an 
artificial organ of speech, whose parts, as nearly as possible, perform 
the same functions as corresponding organs in our vocal apparatus. 
4
 vibrating ivory reed, of variable pitch, forms its vocal chords. 
There is an oral cavity, whose size and shape can be rapidly changed 
by depressing the keys on a key-board. A rubber tongue and lips 
malie the consonants; a little windmill, turning in its throat, rolls 
the letter R, and a tube is attached to its nose when it speaks :Frencb. 
This is the anatomy of this really wonderful piece of mechanism. 
Faber attacked the problem on its physiological side. Quite dif- 
ferently works l\Ir. Edison: he attacks the problem, not at the source 
of origin of the vibrations which make articulate speech, but, con- 
sidering these vibrations as already made, it matters Dot how, he 
makfls these vibrations impress themselves on a sheet of metallic foil, 
and then reproduces from these impressions the sonorous vibrations 
which made them. 
Faber solved the problem by reproducing the mechanical causes 
of the vibrations making yoice Hnd speech; Edison solved it br ob- 
taining the mechanical effects of these vibrations. Faber reproduced 
the movements of our vocal organs; Edison reproduced the motions 
which the drum-skin of the ear has when this oI'gan is acted on by 
the vibrations caused by the movements of the vocal organs. 
Figs. 1 and 2 will render intelligible the construction of 1\11'. Edi- 
son's machine. A cylinder, F, turns on an axle which pnsses through 
the two standards, A and B. On one end of this axle is the crank, 
.Ð j on the other the fly-wheel, E The portion of this axle to the 
fight of the cylinder has a screw-thread cut on it, which, working' in 
a Ilut, .A" causps the cylinder to move laterally when the crank is 


1 The figures in this article ore takcn from "Sounù, a Aeries of Simple, Enterta
nin
, 
and Inexpensive Experiments in the Phenomena of Sound, for the Use of Students of 
every Age," By Alfred M. Mayer. Vol. ii. of U Experimental Science Series for Begin- 
ners." (Now in press and Boon to be published by D. Appleton & Co.) 



7 20 TI-lE POPULAR SOIENCE bfONTHLY. 


turned. On the surface of the cylinder is scored the same thread as 
on its axle. At F (shown in one-half scale in Fig. 2) is a plate of 
iron, A, about 1 
 0 of an inch thick. This plate can be moved tow- 
ard and from the cylinder by pushing in or pulling out the lever 
H G, which turns in an horizontal plane around the pin L 
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FiG. 1.- EDISON'S T ALKING- PHONOGRAPH. 


The under side of this thin iron plate, A (Fig. 2), presses against 
sl)ort pieces of rubber tubing, X and X; which lie between the plate 
and a spring attached to E. The end of this spring carries a rounded 
steel point, P, ,vhich enters sligbtlr between tbe threads scored on the 
cylinder O. The distance of this point, P, from the cylinder is regu- 
lated by a set-screw, S, against which abuts the lever, I-I G. Over 
the iron plate, A, is a disk of vulcanite, B B, with a hole in its centre. 
The under side of this disk nearly touches the plate A. Its upper 
surface is cut into a shallow, funnel-sllaped cavity, leading to the 
opening in its centre. 
To o})erate this machine, we first neatly coat the cylinder with a 
sheet of foil, made to adhere by gUlllming the corners; then we 
bring the point, P, to bear against this foil, so that, on turning the 
cylinder, it n1akes a depressed ]ine, or furrow. The mouth is now 
placed close to t))e opening in the vulcanite disk, B B, and the metal 
plate is talked to while the cylinder is revolved with a uniform motion. 
The plate, A, vibrates to the voice, and the point, P, indents the 
foil, impressing in it the varying numbers, amplitudes, and durations, 
of these vibrations. If the vibrations given by the voice are those 
causing simple sounòs, and are of a uniform, regular character, then 
similar, regular, undulating depressions are made in the foil. If tbe 
vibrations are thof'e causing complex and irregular sounds (like those 
of the voice in speaking), then, similarly, the depressions made in the 
foil are complex, having profiles like the curve, B, in 
""ig. 3. Thus 
the yielding and inelastic foil receives and retains the mechanical 
impressions of these vibrations .with an their minute and subtile 
characteristics. 
The permanent impressions of the vibrations of the voice are now 
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made. It remains to obtain fron
 these impressions the aërial vibra- 
tions which made thenl. Nothing is shnpler. The plate A, with its 
point, P, is llloved away from the cylinder by pulling toward you 
the lever H G. Then the motion of the cylinder is r
versed till you 
have brought opposite to tbe point P the beginning of the series of 
impressions which it has made on the foil. N ow bring the point up 
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FIG. 2. 


to the cylinder; place against the vulcanite plate, B B, a large cone 
of paper or tin to reënforce the sounds, and then steadily turn tbe 
crank.D. The elevations and depressions which have been Inade hy 
the point P no\v pass under thi8 point, and in so doing they canse it 
and the thin iron plate to make over again the precise vibrations 
which animated them when they made these impreRsions un<1er the 
action of the voice. The consequence of this is, that the iron plate 
gives out the vibrations ,vhich IH"eviously fell upon it, and it talks baclt 
to you, what YO'lt said to it. 
By the following method we have just obtained several lllrrgnified 
traces on smoked glass of the contour, or profile, of the elevations and 
depressions lllade in the foil by the sonorous vibrations. On the under 
side of tbe shorter arm of a delicate lever is a point, nlacle as nearly 
as possible like the point P under the thin iron plate 
1. Cementetl to 
"f'OL. XII.-46 
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the end of the longer arm of this lever is a pointed slip of thin copper- 
foil, which just touched the vertical surface of a smoked-glass plate. 
The point on the short arm of the lever rested in the furrow in which 
are the depressions and elevations made in the foil on the cylinder. 
Rotating the cylinder "rith a slow and uniform motion, while the plate 
of glass was slid along, the point of copper-foil scraped the lampblack 
off the smoked-glass plate and traced on it the magnified profile of 
the depressions and elevations in the foil on the cylinder. I say ex- 
pressly elevations as well as depressions in the foil, because, ,,
hen the 
plate vibrates outward, the furrow in the foil often entirely disap_ 
pears, and is always lessened in its q.epth by this outward motion of 
the point. One who has never nlade a special investigation of tbe 
character of the impressions on the phonograph, and forms his opinion 
from their appearance to his eye, might state that they are simply 
dots and dashes, like the marks on the filet of a l\Iorse instrument. 
Another method of obtaining the profile of the impressions on the 
foil is to back it with an easily-fusible substance, and then, cutting 
through the middle of the furrows, \ve obtain a section, in which the 
edge of the foil presents to us the form of the elcvations and depres- 
SIons. 
The instrument has been so short a time in my possessiûn, that I 
have not had the leisure to make on it the careful and extended series 
of experiments "Thich it deserves. I ])ave, however, obtained several 
traces, and I have especialIy studied the characters of the trace of the 
sound of bat. As far as the few experiments warrant an expression 
of opinion, it seems that the profile of the impressions made on the 
phonograph and the contours of the flames of }{önig, when vibrated 
by the same compound sound, bear a close resemblance. 
In Fig. 3 we give on line.A the appearance to the eye of the im- 
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FIG. 3. 


pressions on the foil, when the sound of a in bat is sung against the 
iron plate of the phonograph. B is the magnified profile of these im- 
pressions on the smokecl glass obtained as described above. 0 gives 
the n.ppearance of I{önig's flame when the same sound is sung quite 
close to its membrane. I say expressly quite close to its membrane, 
for the form of the trace obtained from a point attached to a nleln- 
brane vibrating under the influence of a compound sound depends on 
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the distance of the source of the sound from the membrane, and the 
same compound sound will form an infinite nUlnber of different traces 
as we gradually increase tbe distance of its place of origin from the 
membrane; for, as you increase this distance, the waves of the compo- 
nents of the compound sound are maùe to strike on the membrane at 
different periods of their swings. 
For example, if the compound sound is formed of six barmonic
, 
the removal of the sonrce of the sonorous vibrations, from the mem- 
brane to a distance equal to t of a ,vave-length of the 1st harmonic, 
will renlove the 2d, 3d, 4th, 5th, and 6th harmonics to di
tances fronl the 
n1embrane equal respectively to t, -!-, 1, It, and It wave-lengths. The 
consequence evidently is, that the resultant wave-form is entirely 
changed by this motion of the source of tbe sound, though the sono- 
rous sensation of the compound sound remains unchanged. 
The above facts are readily proved experimentally by sending a 
constant compounù sound into the cone of König's apparatus, while 
we gradually lengthen the tube between the cone and the melnbrane 
next to tbe :flame. This is best done by the intervention of one tube 
sliding in another, Eke a troillbone. Tbese experiments I have recent- 
ly made with entire success, and they explain the discussions which 
have arisen between different observers as to the composition of vocal 
and other composite sounds, as analyzed by n1eans of !Cönig's vibrat- 
ing :flames. 
These facts also show how futile it is for anyone to hope to be 
able to read the impressions and traces of phonographs, for these 
traces will vary, not alone with the quality of the voices, but also with 
the differently-related times of starting of the harmonics of these 
voices, and with the different relative intensities of these harmonics. 
It is necessary to give to the cylinder a very regular motion of 
rotation while it receives anù reproduces the vibrations made in sing- 
ing; for even slight irregularities in the velocity of the cylinder 
destroy the accuracy of the musical intervals, and cause tbe phono- 
graph to sing falsetto. Even the reproducing of speech is greatly 
improved by rotating the cylinder by mechanism which gives it uni- 
formity of motion. If you nlake the machine talk by giyillg it a more 
rapid rotation than it had when you spoke to it, the pitch of its voice 
is raised; and by varying the velocity of the cylinder the machine 
may be luade to speak the san1e sentence in a very bass voice, or in a 
voice of a pitch so high that its sounds are really elfish and 
ntirely 
unnatural. 
Recent experiments seem to show that the nearer the diaphragm 
A approaches to the construction of the drum-skin of the human ear 
by "damping" it, as the hammer-bone does the latter, the better 
does it record and repeat th
 sonorous vibrations; for the motion of a 
membrane thus d:llllped is ruled alone by tbe aërial vibrations falling 
on it. 
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1\11'. Edison has just sent me the following notes of the results of 
recent experiments: 
" That the size of the hole through which you speak has a great. deal to do 
with the articulation. When words are spoken against the whole diaphragm, 
the hissing sounds, as in shall, fleece, last, are lost; whereas, by the m
e of a 
sman hole proviùed with sharp edges, these words are reënforced and recorded. 
...\lso, teeth around the edge of a slot, instead of a round hole, give the hissing 
consonants clearer. 
"That the best reading is obtained when the mouth-piece, B F B (Fig. 2), is 
covered with several thicknesses of cloth, so that the snapping noise on the foil 
is rendered less audible. 
"I send you a sheet of copper-foil upon which I In3de records in Ansonia, 
Connecticut, that could be read 275 feet in the open air, and perhaps farther, if 
it had been tried." 


1\11'. Edison also states that impressions of sonorous yibrations 
have been made on a cylinder of soft Norway iron, and from these 
impressions bave been reproduced the sonorous vibrations which made 
them. 


... 


THE MARPIKGE:N 
lIRACLES. 


T HE recent debate in the Lo\ver House of the Prussian Pal'lian1ent 
on the :\Iar})ingen miracles is in many 'ways remarkable. That 
the Ultramontane party sI)ould ha\'e had the conrage themselves to 
force on the discussion is rather surprising, though it is true that all 
the speakers on tllat side ,vere careful to deprecate the not
on of at- 
taching any religious importance to the question, and to treat it purely 
as one of law and equity, while they studiously avoided committing 
themselves to any belief in tbe alleged supernatural occurrences. Be- 
fore, however, speaking of the debate, we may recall to the memory 
of our readers the circumstances which gave rise to it, and which 
occurred a year and a half ago in the month of July, 1876. And in 
doing so it may be well to repeat ,,
hat ,ve have before no\\r llad occa- 
sion to observe in dealing with narratives of this kind, that there is 
no need to enter on any general discussion of tbe existence or credi- 
bility of n1Ïraculous ngency. There is certainly, to use 1\11'. Lecky's 
words, "no contradiction involved in the belief tbat spiritual beings 
of po,yer and 'wisdom immeasurably transcending our o,vn exist, or 
that, existing, they might, by the normal exerci
e of their pow'ers, per- 
form feats as far surpassing the understanding of the most gifted of 
mankind as the electric telegraph and the prediction of an ecli}Jse 
surpass the faculties of a savage." Thus mueh would indeed be con- 
tended for by every Christian apologist, nor is it consistent to nutin- 
tain the truth of the N e,v Tentament nlirac
es ana deny on a prim'i 
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grounds the possibility or actual occnrrence of any subsequent phe- 
nOlnena of the kind. That is a question of evidence, and, as 1\11'. 
Lecky goes on to observe, "very few of the minor facts of history 
are authenticated by as much evidence as" some of tbose later mir- 
acles which he specifies, to one of ,vhich, by no means a favorÛe with 
Ultramontanes, \ve may have occasion to refer presently. But there 
are few subjects on .which ordinary persons, even educated persons, 
have such loose notions as on the true nature of evidence, or where 
the wish, ,vhether it be an innate feeling of sympathy or of antipathy, 
is so apt to become father to the thought. And now we may proceed 
without further preface to reproduce the main details of the marvel- 
ous tale brought from l\Iarpingen, a village in Rhenish Prussia, in 
J nly, 1876, and which formed the text of a long debate in the Prus- 
sian Parliament a fortnight ago. 
It appears that on two suecessive days, July 3d and 4th, three lit.. 
tIe girls of the village of l\Iarpingen announced that they had secn 
the Virgin with her infant Son, sitting on the ground in a neigh boring 
wood, and on the second of these days she replied to their questions, 
" I am she who was conceived w'ithout sin, and you should pray and 
pray forever." On the third day the apparition ,vas again visible and 
discoursed to the children for some time, while a cro,vd, who had fol- 
lowed them from the village kept apart reverentially fr01'll the hallowed 
spot, the apparition being visible and audible to the t!tree little girls 
only. It ,vas explained tbat this peculiar privilege ,vas voucllsafed 
to them because they were "the only innocent persons in the 'wood," 
and the apparition expressly declined to see any of the neighboring 
priests, but 01Ylered c(; chapel to be buUt on the spot f'ì.om the proceeds 
of a public subscription. She finally, at their request, permitted an 
invalid to be brought by tbe children to touch her feet, thougb he also 
never saw her, and he was instantly cured. After this crowds came 
to spend tbe night praying and singing in the wood, two or three of 
whom declared that they S:1'V the Virgin amid the trees, and the chil- 
(h"en were kept consta:atly employed in laying the bands of the sick 
on the feet of the invisible figure. They apparently, however, found 
this burden too great for them, for a few days later they announced 
that the water of a neigh boring spring had been elldowed with mirac- 
ulous properties, and might be conveyed to those who were unable to 
come themselves, and thenceforth the conconrse of pilgrinls increased. 
Hereupon the civil authorities interfered, whetl1er on account of dis- 
turbances caused by the nudtitudes who congregated in the forest, or 
from a fear that the miracle "Tas intended to be utilized for purposes 
of agitation against the Government. On July 13th, ten days after the 
first apparition, the Burgolnaster of l\Iarpingen ordered the people to 
leave the wood, and on their refusal had it cleared by the military; 
frotH that time it ,vas guarded by police and soldiers quartered in the 
village, where the inhabitants complain that forced requisitions were 
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made on them, and the place treated as though occupied by a hostile 
army. It was a forma.l motion for the repayment to the commune of 
the 4,000 marks (about Æ200) said to bave been thus levied on it, and 
for th
.reprimand of the local magistrates for harsh and arbitrary con- 
duct, that led to the debate in the Prussiau Parliament. It should be 
added that the three little girls and a priest of the district were ar- 
rested on suspicion of religious fraud, but eventually released for lack 
of sufficient evidence, the girls stoutly denying that they had been 
inspired by either priest or parent. Entrance to the wood is still pro- 
hibited, but processions take place to the miraculous spring. 
N ow, the first observation that would occur to anyone on reading 
this strange story is the conspicuous absence of anything like evi- 
dence of the alleged apparition, even putting aside the suspicion of 
deliberate fraud. The 1-"Iadonna is visible to three little girls only, of 
about seven years of age, whose religious ÏInagination might easily 
be excited, especially if they had I)eard of fornler apparitions of the 
same kind, as is more than probable. And when once they had com- 
n1Ítted themselves to the story-whether in sin1ple piety or under 
some external influence-fear of consequences would alone secure 
their adhesion to it. But this leads us 011 to another and more impol'- 
tant comment, ,vhich will already})ave occurred to many of our read- 
ers, especially if they have taken note of the passages in the tale 
,vhich we have italicized. The close resemblance in all its leading 
features to several former tales of miraculous apparition, and, :lbove 
all, to tbe apparition at Lourdes, is too obvious and too minute to be 
considered accidental. ''''''hethel' w'e suppose tl1e w'hole affair to be an 
imposture pure and simple, as is likely enough, 'or whether ,ve adopt 
the more charitable hypotllesis of hallucination, there can hardly be a 
doubt that the Lourdes miracle suggested tbe incidents of the :\lal'- 
pingen one. In both cases, as before at La Salette, young children 
are the sole witnesses of the marvel; in both cases it is the "\Tirgin 
who appears, al}d, while at Lourdes she oddly describes herself as be- 
ing "tbe Immaculate Conception," at l\Iarpingen the more grammati- 
cal formula is adopted, "I am she who was conceiyed without sin;" 
in both cases multitudes follow the chilòren, but are obliged to take 
on faith what to them, and to them alone, is matter of sight and hear- 
ing; in both cases, and this is significant, the 
Iadonna expressly 
directs a chapel to be built on the spot, and that indeed appears to be 
the chief object of the apparition; and, lastly, in 1)oth cases a n1iracu- 
lous spring is either created or disclosed. On this last point we 11ave 
another word to say. It is of course argued by the defenders of these 
miracles, and is in fact the only plauE'ible argulnent left to them, that 
whatever becomes of the evidence of the children for the original tale 
-even though they should turn out afterward as the boy and girl at 
La Salette did turn out-there is no getting over the evidence of the 
llliraculous cures. The reply is not far to seek. There might be, and 
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indeed are, examples of seemingly supernatural cures-we will men- 
tion one directly-attested by very strong evidence, but these are cer- 
tainly not among them. Putting aside innlunerable instances of fail- 
ure and some of detected imposture which have been heard of in con- 
nection ,vith Lourdes-it is too early yet to apply that test to 
Iarpin- 
gen-it must never be forgotten how almost incalculable is the power 
of imagination over every kind especially of nervous disorder. There 
are unquestionably many persons of whom it may be said, in a differ- 
ent sense from that of the words as originally used, that " their faith 
has made them whole;" or, on the contrary, has made them ill. A 
ready instance comes to hand in connection with the recent hydropho- 
bia scare. There can be no doubt that tetanus, which so closely sim- 
ulates hydrophobia as often to be indistinguishable from it to all but 
adepts, may be and is produced by fear; and thus nervous persons 
,vho assume that a dog which bites them must be n1ad-though the 
chances are always really at least ten to one the other waY-lnay easi- 
ly give themselves a fatal disease without any external cause. On the 
other hand, a case was reported the other day from Italy, of a woman 
who was raving, as was supposed, from hydrophobia, but who prompt- 
ly recovered on a miraculous relic being appJied to her. The same 
explanation will cover innumerable cases, whether at Lourdes or else- 
where, of alleged miraculous cures. But we observed just now that 
there are exaInples on record of miraculous cures, the direct evidence 
of w'hich is yery striking. The late Sir James Stephen mentions one 
of them in these words: "The greatest genius, the most profound 
scholar, and the most eminent advocate of that age (the seventeenth 
century), all possessing the most ample means of knowledge, all care- 
fully investigated, all admitted, and all defended with th0ir pens, the 
miracle of the IIoly Thorn. Europe at that time produced no three 
nlen more profoundly conversant with the laws of the material world, 
with the laws of the human mind, and with the municipal law, than 
Pascal, Arnauld, anil Le 
Iaître; and they werè all 8incere anà ear- 
nest believers." l\Ir. Lecky similarly observes that f
w l1istorical facts 
are so well authenticated as "the miracles of the Holy Thorn, or at 
the tomb of the Abbé Paris," which last, we may add, were attested 
among others by Voltaire. Be it so, but these are " Jansenist" mil'. 
acles which Ultramontanes have always and scornfully refused to 
admit. The manifestations at tl1e tomb of the Abhé Paris were actu. 
ally suppressed by authority, ecclesiastical and civil, which suggested 
the famous epigran1 : 
" De par Ie roi, défense à Dieu 
De faire miracle en' ce lieu." 
Those who reject tho far stronger evidence of these miracles must 
finel some better argument than the alleged cures if they would ha\re 
us accept the miraculous portents of Lourdes and 
Iarpingen. 
The debate in the PI'u
sian Chamber ,vas opened by IIerr Bachem, 
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who insisteù that the conduct of the authorities had been very repre- 
hensible; eyen assuming the alleged miracles to be illusory or fraudu- 
lent, the sincere belief of the multitude ought to haye becn respected. 
Dr. Friedenthal, acting 
Iinister of the Interior, replied: 
" He was prepared to defend the action of tbe police, there being plenty of 
príma-facie evidence to show that the Marpingen miracle was a frauù. The 
alleged miracle happened in a district strongly infected by the Ultramontane 
movement, and previously productive of similar apparitions that had attracted 
the notice of the law. Early in 1875 a woman began to work miracles at Ep- 
pelborn, close to .Marpingen, unùer the patronage of the local priest. She was 
convicted of fraud and sentenceù to imprisonment. The same woman nnd the 
local pricst who assisted her were subsequently again convicted of fraud, fal'se 
pretenses, and gross immorality. The Marpingen miracle wns no sooner bruited 
about thnn a school-girl at Groning, also near 
rarpingen, stated that she had 
bad an auùience of the Virgin. The girl was severely reprimanded by her father, 
when the visions ceased. At Berschweiler, likewise near 
rarpingen, no less 
than five persons between eleven and nineteen years of age, in 1876, professed 
to be in daily intercourse with the Virgin. A profitable trade in exorcisms, salva- 
tions from purgatory, and the like, having been opened by them, the authorities 
interfered. The police court eventually sent the whole gang to prison. At Gap- 
penach a married couple were convicted of fraud for stating that they hnd seen 
the Yirgin conversing with the three little girls in a bottle of !Inrpingen water. 
At 
rünchwies, district of Ottweiler, a couple of school-girls pretended to have 
interviews with the 'Yirgin, until the parish priest objected to the story, wben 
the apparitions ceased. Considering this excited condition of the province in 
w}1Ïcl} 
rarpingen is situate, and taking into account the peculiar character tIle 
Ultramontane movement had recently a8sumed in Germany, the authorities were 
perfectly justified in putting a stop to the )Iarpingen revival. There were 8,000 
persons in the haHowed wood ,yhen the military were called in. Though there 
was some show of resistance, nobody was wounùed. 811 bsequently the police 
appointed to watch the wood were fired at in the dark. Witb reference to the 
legal proceedings instituted by the crown, he, the minister, was in a position to 
say that a formal accusation would be preferred against certain persons supposed 
to be implicated in th
 Marpingen affair, when the clíaracter of the miracle 
would be funy investigated in open court." 


To this statement Herr Lipke added that tbe three little girls, when 
first examined by the magistrate, professed to baye seen not only the 
Virgin but the deyil also, wholn they described as "black and white" 
-the German national colors. He said that many Catholic priests 
with whom he bad conversed on "the 
larpingen swindle" agreed 
with him in disapproving it, and he thought the Ultralllontanes had 
not benefited their cause by bringing the suhject pefore Parliament. 
Another speaker on the same side, Judge SelIo, admitted that SOlne 
excesses had been committed by the troops, but the burgomaster who 
ordered theln to clear the wood had Leen tried and fined in conse- 
qnence. The debate "ras closed by Dl'. 1Vlndthorst, the leader of the 
Ultramontane party, who dedil1ed to commit 11Ímself to the reality 
of tbe miracles, but complained tbat, as long as the Goyernment kept 
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the see of Treves vacant, no proper investigation, as directed by the 
Council of Trent, could take place. Perhaps the legal investigation 
'which is prolllised by Dr. .Friedenthal nlay prove 11lore efficacious in 
bringing the real facts to light. )lenl1while, it may be feared that 
belief iu the )Iarpingen apparition 'will become a test question of 
Catholic orthodoxy in Gerinany, as belief in Lourdes and La Salette 
has long been a criterion for discrinlÏnating the bien pensCtnts in 
France, in spite of the manly protests of some high authorities, such 
as Dupauloup, against this morbid craving for predictions and por- 
tents. 'Ve have never denied that German Catholics bave a substan- 
tial grievance in tbe matter of the Falk Inws, but they cert:1inly will 
not inIprove tlleir position with thinking DIetl of any creeù ùyadopt- 
ing devices ,vhich can only escape graver censure if they are regarded 
as too silly to be dishonest.-Sat.ui-dCt!J Review. 


. . . 


THE SOURCE OF 
IUSOULAR P01VER. 


T HE advance of modern research has brought the sciences of 
physics, chemistry, and physiology, into very close relations, and 
as tbe two forn1er have given great help to the latter, many are 
lùoking to see all physiological problems finally resolved on physical 
and chemical principles. J\Iuch is to be expected from the future, 
but sanguine anticipations should not be allo,ved to. misinterpret 
existing facts. Prof. Austin Flint, Jr., has been luuch occupied in 
investigating the living system as a dynamical engine, and has pub- 
lishel1 t.be resu!ts of his experimental inquiries in a little volume, en- 
titled" The Source of 
Iuscular Power." He bas Dladc an important 
contribution to tbe subject of aninlal mechanics, allll his vie,vs will 
be so intel'esting, alike to the pllysiologist and the general student, 
that a summary of his argU111ent ,viII be appreciated by the readers 
of the J\IoNTHL Y. 
Since it has l)een ascertained that the force derived from chemical 
action which will raise the temperature of a pound of "
nter 1 0 Fahr. 
will, under another form of manifestation, lift 772 pounds one foot high, 
772 foot-pounds bave been regarded as the force-equivalent of 1 0 of 
heat. In other ,vords, if the burning or oxidation of a certain definite 
'weight of matter will raise the teIllperature of one pound of "
ater 1 0 
Fallr., the force-yalne of this matter is said to be 772 foot-pounds. 
In the animal economy, certain matters are taken in and consumed 
as food; nlntters are discharged from the body in the form of excre- 
tions, such as the constituents of the urine; a certain amount of heat 
is produced in the body in order to maintain the aninutl temperature, to 
supply the loss of heat dependent upon radiation froni the surface; a 
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certain amount of force is exerted in the processes of circulation of the 
blood and in the respiratory movements, and a certain amount of work 
is performed by muscular action. If it be assumed that the oxidation 
of matter in the animal economy involves, of necessity, either the 
production of heat or of force, an answor to tbe follo-wing question 
becomes at onGe of great ilnportance as regards our ideas of the im- 
mediate source of muscular power: 
Is the food directly oxidized in the perfected and adult animal 
organism, the result of this oxidation being heat and force, and is this 
the single source of muscular power, or is the perfected animal organ- 
ism, particularly as regards the muscular system, itself consumed 
gradually as a result of muscular work, the waste of muscular tissu'e 
being represented by the excretions, and such waste being repaired 
constantly by food? To state this question in simpler ternls, is the 
muscular system a part of a machine that consumes food as fuel in the 
production of force, not wearing its own substance to any considerable 
extent, or does the muscular system use its own substance in the pro- 
duction of force? 
Before 1866, tIle following ideas, formulated by Liebig, Lehmann, 
and others, were pretty generally accepted by physiologists: 
The muscular substance, which constitutes about t,vo-fifths of the 
weight of the entire body, is composed mainly of matters containing 
carbon, hydrogen, oxygen, and nitrogen, in contradistinction to the 
fats, which contain only carbon, hydrogen, and oxygen. The most 
in1portant excren1entitious matter thrown off by the kidneys is urea, 
which contains carbon, hydrogen, oxygen, and nitrogen. The amount 
of urea excreted is to be regarded, to a certain extent, as a measure of 
the pI)ysiological ,year of the 111uscular system, which wear is increased 
by muscular exertion, tbere being a corresponding increase in the 
excretion of urea by the kidneys. This wear of the muscular system 
is being constantly repaired by the nitrogenized elements of food. In 
discussing, then, this question, physiologists have come to speak of 
the excretion of nitrogen as measuring, more or less accurately, the 
physiological wear of the muscular system. 
In 1866, t,,
o German physiologists, Fick and Wislicenus, ascended 
one of the Alpine peaks, and measured the influence of this unusual 
muscular exertion upon the excretion of nitrogen. As it is well 
known that tbe ,quantity of nitrogenized food, sucI) as meat, eggs, etc., 
influences tIle amount of nitrogen excreted by the kidneys, these 
observers confined themselves to a diet without nitrogen during the 
ascent and fo;' a number of hours immediately preceding and follow- 
ing. They found that the amount of nitrogen eliminated by the kid- 
ne)Ts was diminished eluring the muscular exertion by about one-third. 
From these experiments, they concluded that muscular exercise does 
not inc.'ease the elimination of nitrogen, but rather diminishes it; and 
from this tin1e dates the proposition, which is now adopted by many 
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physiologists, that the muscu]a.r system is a machine which consunles 
food as fuel, and does not ,veal' its own substance to any very great 
extent in tbe production of force. Fick and Wislicenus advanced the 
view that" the substances, by the burning of which force is generated 
in the muscles, are not the albuminous constituents of the tissues, but 
non-nitrogenous substances, either as fats or hydrates of carbon." 
Such a doctrine as that aù vanced by Fick and \Yislicenus, accord- 
ing to Prof. Flint, is not logical and is opposed to many well-known 
physiological facts. The argulllents he advances against it are the 
following; 
1. Physiological experiments should be made unflcr strictly natural 
or physiological conditions of the system. A non-nitrogenized diet is 
not natural. No man would attempt to perform a feat of musculat 
endurance under a diet composed exclusively of fat, starch, and sugar, 
,vhich ,vas the exclusive diet of Fick and 'Vislicenus. 
2. Lehmann has shown that an exclusively non-nitrogenized diet, 
of itself, without any variation in muscular exercise, will reduce the 
excretion of nitrogen by the kidneys more than one-half. Pavy has 
shown the same effects of non-nitrogenized food upon the system with- 
out any variation in muscular exercise. 
3. Fick and Wislicenus do not show that extraordinary muscular 
exertion, with a non-nitrogenized diet, diminishes the excretion of 
nitrogen below the point to which it would be reduced by the diet 
itself, without muscular work; for they made no comparative experi- 
ments with a non-nitrogenized diet and no unusual exerci
e. 
In view of these facts, the conclusion arrived at by Prof. Flint is, 
that the experiments of Fick and \Yislicenus fail to show that muscu- 
lar exercise diminishes, or even does not increase, the elÍ1llination of 
nitrogen, which is the very essence of their argument. 
In 1870, Prof. Flint made a series of elaborate experiments upon 
Weston, during a walk of three hundred and seventeen and one-half 
miles in five consecutive days. Recognizing the fact that the elimina- 
tion of nitrogen bears a certain relation to the nitrogen of the food, 
in these experiments, Prof. Flint estimated the nitrogen of the food 
and calculated the proportion of nitrogen excreted to tbe nitrogen 
ingested, which had never been done in .any previous experiInents 
upon the physiological effects of muscular exercise. His observations 
were continued for five days before the walk, the five days of the walk, 
and five days after the walk. Prof. Flint, or his assistnnts, were with 
'Veston, day and night, for the entire fifteen days. Ev
ry article of 
food \Va;3 weighed or measured, and its nitrogen carefully estimated, 
as was the nitrogen excreted. The variations in body-weight, tenl- 
perature, etc., were also taken. No accident occurred, and the obser- 
vations were aLsolutely complete. The 1110st iml)ortant general results 
of these experÏ1ncnts were the following: 
For the five days before the ,valk, the average daily exercise being 
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eight and one-fifth miles, the average proportionate excretion of 
nitrogen by the kidneys was 86.58 parts for every 100 parts of nitrogen 
of food. 
For the five days of the 'walk, the average daily exercise being 
sixty-three and one-half miles, the average proportionate excretion of 
nitrogen by the kidneys was 143.98 parts for every ]00 parts of nitro- 
gen of food. 
For the five days after the walk, the average daily exercise being 
two and one-fifth miles, the average proportionate excretion of nitro- 
gen by the kidneys ,,-as 77.03 parts for every 100 parts of nitrogen 
of food. 
These 'facts showed conclusively tllat., in this instance, at least, t'l)e 
extraordinary exertion of w'alking three hundred and seyenteen and 
one-half miles in five consecutive days very largely increased the pro- 
portionate excretion of nitrogen by the kidneys. 
The source of the excess of nitrogen excreted during the walk must 
have been the excessive wear of muscular tissue engendered by the 
extraordinary exertion, wl}ich was not repaired by the food. This is 
rendered almost certain by the following calculation: 
At the beginning of the walk, Weston was in good condition, with 
little or no fat, and he weighed 119.20 pounds. "At the end of the 
five days' walk, the weight had been reduced from 119.20 to 115.75 
pounds, showing a loss of 3.45 pounds. According to Payen, three 
parts of nitrogen represent one hundred parts of fresh muscular tissue. 
The total quantity of nitrogen discharged during these five days was 
1,811.62 grains. The total nitrogen of food during the same period 
amounted to 1,173.82 grains, giving an excess of 637.80 grains of nitro- 
gen discharged over the nitrogen of food. The 637.80 grains of nitro- 
gen, aceording to Payen's formula, would represent 21,260.00 grains, 
01'.3.037 pounds of muscular tissue. The actual loss of muscular tis- 
sue was 3.45 pounds, and the loss unaccounted for, amounting to only 
0.413 of a pound, is very small. It might be fat or water, or the dif- 
ference might be clue to inaccuracies in the estimates of the nitrogen 
of food, which, of necessity, ,vere approxinlative." 
In 1876, Dr. Pavy, of London, made a series of experiments upon 
Perkins, a pedestrian, and upon Weston, similar to those made by 
Prof. Flint upon ,,-r eston, in 1870. The following were the general 
results of these observations: 
Perkins walked sixty-five and one-half nlÎles in twenty-four hours. 
During this time, he excreted 190.37 parts of nitrogen by the kidneys 
for every 100 parts of nitrogen of food. For twenty-four hours of rest, 
several days after tl1Ís walk, Perldns excreted 76.58 parts of nitrogen 
by the kidneys for e,yery 100 parts of nitrogen of food. 
Observations were made upon 'Veston for eleven days of .walking, 
as follows: 1. A walk of one hundred and eighty and one-half miles 
in two consecutive days; 2. A walk of two hundred and sixty-three 
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roi1es in seventy-five consecutive hours; 3. A ,valk of four hundred 
and fifty miles in six consecutive days. The proportionate excretion 
of nitrogen w'as estimated for tbese periods of exercise, and ,yas also 
calculated for eight days of rest. rrhe daily average excretion of 
nitrogen for the eight days of rest was 60.90 parts for every 100 parts 
of nitrogen of food. The daily average 
xcretion of nitrogen for the 
eleven days of walking was 87.34 parts for every 100 parts of nitrogen 
of food-an increased proportion of 43.44 per cent. These experi- 
ments, like those of Prof. Flint, show a very great increase in the pro- 
portionate excretion of nitrogen produced by the exce
sive and pro- 
10nged muscular exertion. 
Dr. Pavy adtnits, as the result of his own experinlents, the simpl(? 
fact that muscular exercise increases the !)roportionate excretion of 
nitrogen, but he does not accept the view advanced by Prof. Flint, 
that the muscular system, in exerting force, consumes its own sub- 
stance, and that this substance is repaired by food. Dr. Pavy made 
a series of calculations, in connection with his experiments, comparing 
the force-value of the excess of nitrogen excreted during exercise over 
the nitrogen excreted during rest with the work actually perfonned 
in walking. lIe attempted to show that the force represented by this 
excess of nitrogen excreted would not account for the work aCCOlll- 
l)lished. These calculations of Dr. Pavy involve forlnulæ for reducing 
miles ,valked to foot-pounds, and estimates of the force exerted in 
respiratory movements, tbe action of the heart, etc. Prof. Flint, in 
bis essay, gives an elaborate revie\v of these calculations, and objects 
to many of the formulæ as necessarily inaccurate. It is ilnpossible, in 
a short abstract, to give a satisfactory account of Prof: Flint's argu- 
ment upon these points. The following are the conclusions arrivecl at 
by Prof. Flint, as the result of the various experiments which he has 
discussed: 


"I. While the various elements of food burned in oxygen out of the body 
will produce a definite amount of heat which may be calculated as equivalent to 
a definite number of foot-pounds of force, the application of this law to the 
changes which food or certain of the constituents of the body undergo in the 
1iving organism is uncertain and unsatisfactory, for the following reasons: 
"(a.) There is no proof that the elements of food undergo the same changes 
in the living body as when burned in oxygen, or that definite amounts of heat 
or force are necessarily manifested by their metanlorphoses in such a way that 
they can be accurately measured. 
"(b.) Assuming that the elements of food contain a definite amount of 
locked-up force, to measure the part of this force which is expended in ml1
CU- 
lar work, it is indispensable to be able to estimate accurately the force used in 
circulation, respiration, and the various nutritive proce
se
, and to measnre t11e 
beat evolved which maintains the standard animal temperature and which com- 
pensates the heat lost by evaporation from the general :mrfnce. It does not 
seem that any accurate idea can be formed of the amount of force used in circu- 
lation anù respiration, and the estimates maùe by different ohservers of authority 
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present variations sometimes of more than one hundred per cent. Such esti- 
mates are usually made in view of some dynamic theory, and they are based 
upon physiological data which are necessarily uncertain and subject to wide find 
frequent variations. No approximate estimate, even) can be made of the actual 
amount of heat produced within the Hying organism, except, perhaps, during a 
condition of nearly absolute muscular repose. The only way in w}lÍch tlJis could 
be done would be to deduct the force used in muscular work, circulation, respi- 
ration, and the nutritive processes, from the heat-value or force-value of the food. 
These elements of the question being uncertain, an accurate estimate of the heat 
produced becomes impossible, as, at the best, the only definite quantity in the 
problenl is the total heat-value or force-value of food. 
"(c.) To compare an amount of muscular work actually performed with the 
estimated force-valùe of food, apart from the impossibility of arriving at an 
accurate estimate of the amount of food consumed in circulation res p iration 
, , 
the nutritive processes, and the production of heat, which is a necessary element 
in the problem, the work actually performed in walking a certain distance must 
be reduced to foot-pounds or foot-tons. The formula for this is so uncertain that 
no sucb reduction can be made which can be assumed to be even approximatively 
correct. 
"II. The method of calculating the possible amount of force of which the 
body is capable, by using as the sole basis for this calculation the force-value 
of" food, must be abandoned until the various necessary elements of the problem 
can be n1ade sufficiently accurate to accord with the results of experiments upon 
the li\-ing body. Until that time arrives, physiologists should rely upon the 
positive results obtained by experiments rather than upon calculations made 
from uncertain data and under the influence of special t11eories. In case of fatal 
disagreement between any theory and definite experimental facts, the theory 
must be abandoned, provided the facts be incontestable. 
"III. Experiments show that the estimated force-value of fooò, after deduct- 
ing the estimated force used in circulation, respiration, the nutritive processes, 
and in the production of heat, will sometimes account for a small fraction only 
of muscular work actuaHy performed, this work being reduced to foot-tons by 
the uncertain process to which I have already alluded. The errors in these 
calculations are manife:;;tly so considerable that the calculated results seem to be 
of little value, while the experimental fact that a certain amount of work bas 
been accomplished must remain. 
"IV. It must be admitted that, under ordinary and norma1 conditions of 
diet and muscular exercise, the weight of the body being uniform, the ingress 
and egress of matter necessarily balance each other. If this balance be disturbed 
by diminishing the supply of food below the requirements of the system for its 
nutrition and for n1u:5cular work, the body necessari1y loses weight, a certain 
portion of its constituent parts being consumed and not repaired. If the balance 
be disturbed by increasing the mu
cular work to the maximum of endurance and 
beyond the possibility of complete repair by food, the body loses weight. The 
probable source of muscular power may be most easily and satisfactorily studied 
by disturbing the balance between consumption and repair by increasing the 
work. In this, it is rational to assnme that the processes of physiological wear 
of the tissues are not modified in kind, but simply in degree of activity. 
"V. Experiments show that excessive and prolonged muscular exercise may 
increase the waste or wear of certain of the constituents of the body to such a 
degree that this wear is not repaired by food. Under these conditions, there is 
an increased discharge of nitrogen, particularly in the urine. This waste of 
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tissue may be repaired if food can be fissimi1ated in sufficient quantity, but in my 
experiments it was not repaired. The most important question to determine 
experimentally in this connection i8 with regard to the influence of excessh-e 
and prolonged muscular exercise upon the excretion of nitrogen. It is shown 
experimentally that such exercise always increases the excretion.of nitrogen to 
a very marked degree, under normal conditions of alimentation; but the pro- 
portionate quantity to the nitrogen of food is great when the nitrogen of food 
remains the same as at rest, and is not so great, naturally, when the nitrogen of 
food is increased. In the latter case, the excessive waste of the tissues is in part, 
or it may be wholly, repaired by the increased quantity of food. ExperiInents 
upon excessive exertion with a non-nitrogenous diet are made under conditions 
of the system that are not physiological; and the want of nitrogen in the food 
in such observations satisfactorily accounts for the diminished excretion of 
nitrogen. 
"VI. By systematic exercise of the general muscular systern or of particular 
muscles, with proper intervals of repose for repair and growth, muscles may be 
developed in size, hardness, power, and endurance. The only reasonable theory 
that can be offered in explanation of this process is the following: While exer- 
cise increases the activity of disassimilation of the muscular substance, a neces- 
sary accompaniment of this is an increased activity in the circulation in the mus- 
cles, for the purpose of removing the products of their physiological wear. This 
increased activity of the circulation is attended with an increased activity of the 
nutritive processes, provided the supply of nutriment be sufficient, and provided 
also, that the exercise be succeeded by proper periods of rest. It is in this way 
only that we can comprehend the process of development of muscles by training; 
the conditions in training being exercise, rest following the exercise, and appro- 
priate alimentation, the food furnishing nitrogenized matters to supply the waste 
of the nitrogenized parts of the tissues. This theory involves the idea that mus- 
cular work consumes a certain part of the muscular substance, which is repaired 
by food. The theory that the muscles simply transfornl the elements of food 
into force directly, these elements not becoming at any time a part of tIle muscu- 
lar substance, is not in accordance with the facts known with regard to training. 
"VII. An that is known with regard to the nutrition and disassimila.tion of 
muscles during ordinary or extraordinary work teaches that such work is alwuys 
attended with destruction of muscular substance, which may not be coropletely 
repaired by food, according to the amount of work performed and the quantity 
and kind of alimentation. 
"VIII. In my experiments upon a man walking three hundred and seventeen 
and one-half miles in five consecutive days, who at the beginning of the five 
days had no superfluous fat, the loss of weight was actual1y 3.45 pounds, while 
the total amount of nitrogen discharged from the body in excess of the nitrogen 
of food taken for these five days, assmning that tlnee parts of nitrogen repre- 
sent one hundred parts of muscular substance, as has been shown by analysis to 
be the fact, represented 3.037 pounds of muscnln,r substance. This close corre- 
spondence between the actual loss of weight and the loss that sllOulù have oc- 
curred, as deduced from a calculation of the nitrogen discharged in excess of 
the nitrogen of food, seems to show very clearly that, during tllese five days of 
excessive muscular work, a certain amount of muscular substance was consumed 
which had not been repaired, and that tl1Ís loss could be calculated with rea:son- 
able accuracy from the excess of nitrogen excre>ted. 
"IX. Finally, experiments upon the human subject show that the direct 
source of muscular power is to be looked for in the Inuscular system itself. The 
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exercise of muscular power immediately involves the destruction of a certain 
amount of muscular substance, of which the nitrogen excreted is a measure. 
Indirectly, nitrogenized food is a source of power, as, by its assimilation by the 
muscular tissue, it repairs the waste and develops the capacity for work; but 
food i
 not directly converted into force in the living body, nor is it a source of 
muscular power, except that it maintains the muscular system in a proper con- 
ditiòn for work. In ordinary daily muscular work, which may be continued 
indefinitely, except a
 it is restricted by the conditions of nutrition and the 
limits of age, the loss of muscular substance produced by work is balanced by 
the assimilation of alimentary matters. A condition of the existence of the 
muscular tissue, however, is that it cannot be absolutely stationary, anù that 
disassimi1ation must go on to a certain extent, even if no work be done. Th
s 
loss must be repaired by food to maintain life. A similar condition of existence 
applies to every highly-organized part of the body and marks a broad diF'tinction 
between a living organism and an artificially constructed machine, which latter 
can exert no motive power of itself, and can develop no force that is not sup- 
plied artificially by the consumption of fuel or otherwise." 


Prof. Flint, in an appendix, has added a calculation of the non- 
nitrogenized food taken by Weston during his five days' walk, in order 
"t.o answer the possible objections of those who n1ay contend that, in 
hiÐ discussion, he should have included the heat-producing and force- 
prGducing power of non-nitrogenized alimentary substances." This 
calculation is brieíl y as follows: 


Force-value of nitrogenized food.. . . . . . . . . . . . . . . . . . .. . .. 2,8:>8.79 foot-tons. 
" "loss of weight of the body........ ._...... 1,764.52 " " 
" "non-nitrogenized food, in excess of that re- 
quired to produce 17,787 heat-units (the 
amount of a:t1Ïmal heat) produced in five 
days................................. 597.75" " 


Tota 1. . . .. . . ., . . .. . . .. . . . . . . . .. . .. 5, 
 21. 06 " 
Deduct the estimated force used in circulation aud respira- 
tion. . . .. . . .. . . .. . , .. .. .. .. .. . . .. . ... . . .. . . .. . . ... 1,339.29 " 


" 


" 


Force remaining for muscular work. . . . .. . . .. . . .. . . .. . .. 3,881.7'7 u 


u 


"The actual work represented by walking three hundred and seyenteen and 
one-half miles is estimated at 4,321.33 foot-tons. This leaves 439.56 foot-tons 
of work which cannot be accounted for in any way, according to the estimates 
of the observers quoted, leaving a deficiency of a little more than ten per cent. 
"These calculations show the fallaey of such estimates, and the impossibility 
of accounting for work actually performed, even when we include the heat-value 
and the force-value of non-nitrogenizeù food." 


The estimates of the force used in circulation and respiration, and 
of tIJe heat produced by the body, were all calculated for a condition 
of rest, and they are nluch less than the estimates tlJat should be 
made for a period of excessive muscular exercise. 
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LIVING CORALS. 


By W. E. DAMOX. 


P ERHAPS enough already has been written about corals and coral- 
builders, but certainly too litt1e is really known about the habits 
and mode of growth of this interesting animal. I alll fortunate enough 
to possess fine specimens of some three or four varieties of living, 
working coral" polyps," for such is the name by which the coral- 
builder is designated. These specimens are kept in pure sea-water, 
and I have studied their habits very carefully for years; they seem 
to be in perfect health, full o
 activity, and generally industrious, 
although I can hardly observe that they have add
d to their coral- 
Inm during this period. A specimen of Ast'J"angia which has been 
· described by Dana and Elizabeth Agassiz, although it has not, per- 
haps, increased visibly in height, has enlarged in size by building 
from its outer edges, and numbers of young and smaller polyps have 
appeared. I bave noticed that this budding and increase occur about 
October or November of each year. 
Nothing can be more beautiful than a group of these corallcts. 
Sometimes a mass of then1 of three or four inches across is dredged 
up at 'V ood's Hole, 1\iassachusetts. The polyps rise high above the 
cells, and, with their long, slender, fleecy, silk-like tentacles swaying 
to and fro, remind one of a living bed of roses, or of a nlossy bank 
covered ,vith heavy frost. 
I have seen the animal of a single corallet standing above the sur- 
face of its cell an inch in height and expanded to one-third of an inch 
in diameter, and yet many-I may safely say, most people-believe 
the "coral-insect" (not an insect at all) to be a microscopic or a 
very minute anima1. Its long, snowy tentacles are covered all over 
,vith warts or dots, with a larger one at the tip of each. All these 
contain its weapons of defense, called lasso-cells, or capsule-threads, 
with which the animal captures its prçy. The slnaller crustacea, 
coming in contact with these nettle-like arrows, are sUI"ely and sud- 
denly disabled, and then with the longer tentacles are drawn in- 
ward to the mouth, which is situated in the centre of all these arms. 
This food passes into the stomach, which can be plainly seen through 
its glass-like walls, and must be digested before the animal retreats 
into its calicle. I have given them pieces of c1ams or oysters as large 
as half a pea, which they would seize with their tentacles and readily 
swallow. Another reason for this particular variety of coral-builder 
heing so interesting to us is, that it is tho only true coral-building 
polyp we have north of the Florida reefs, or nearer our homes than 
the Bermuda Islanc1s. 
Another variety, which belongs to the Oculina tribe, I have in 
VOL. XII.-47 
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tbe same healthful condition. This one assumes a branched or tree- 
like form, and is, if possible, more elegant and beautiful than the last. 
Its zoöthome, ,vhen fully expanded, seems to completely hide the 
whol.e corallum, and nothing is visible but one mass or t
'ee of living, 
mov'lng flowers. 
This polyp does not elongate itself so much as does Astrangia, and 
its tentacles are much shorter; and, instead of being white, it is of 
an umber-like color, and covered all over with iridescent hues. Its 
septa, or radiated plates of the corallum, are the same as in Ãstran- 
gia. Tile COlnmon lnass of coral is of a more solid, stone-like nature; 
the epitheca, or outer coral layer, which the Astrangia has not, and 
the endotheca, or coral inside the cells, are also more compact and 
hard. 


... 


POISONS OF TIlE INTELLIGEKCE.-CI-ILOnOFOR1I.1 


By CHARLES RICHET. 


C HLOROFOR:\I is a colorless, volatile, oily liquid; it is denser 
than ,vater, and does not mix with it. It was discovered 
by Soubeiran in 1831,2 and Soubeiran's process for obtaining it 
is still in use, viz., distilling alcohol with calcium hypochlorite and 
lime. The hypnotic properties of chloroform were discovered in 1847 
by Flourens, a" few months after Jackson had recognized similar 
properties in ether; but the first surgeon who made use of it in an 
operation on the human subject "ras Simpson, of Edinburgh, in N ovem- 
bel', 1847. Since then, the use of chloroform has become so general, 
that nowadays no great operation in surgery is attempted without 
employing it. 'Ve may, therefore, justly regard the discovery of 
surgical anæsthesia as one of the greatest scientific achievements of 
the present century, 80 fruitful of benefits to the human race. 
The principal effect of chloroform is the paralysis of sensibility, 
or anæsthesia. In so far forth it acts upon the mind, for sensibility 
is only one of the forms of mind; but this point, 'which as yet is 
rather obscure, calls for a few words of explanation. 
Two great functions devolve upon the nervous system, sensibility 
and motion: it is through sensiLility that we receive impressions 
from without; and it is through the excitation of the muscles, or 
movement, that we manifest our will, or act upon external objects. 
In the absence of Loth disease and poisoning, the will-that is, the 


1 Translated from the Revue des Deux lIIondes, by J. Fitzgerald, A. M. 
2 The fir
t discoverer of chloroform-for it was disco\"ered independently by at least 
three chemists-was Samuel Guthrie, of Sackett's Harbor, :N ew York. His discovery an. 
tedates Soubeiran's several months. Liebig's discovery of chloroform was intermediate 
between Guthrie's and Soubeirall's.-TRANSLATOR. 



POISONS OF THE I.LVTELLIGENGE. 739 


mind-excites, through the spinal cord, the various muscles, produc- 
ing movement; but this condition is not absolutely necessary, since 
in decapitated animals, for instance, the ner\'ous system of the spinal 
cord can of itself produce motion of the muscles. Ilere we have 
motor activity, but no sensibility. Sensibility exists only 'There the 
mind is intact and capable of perceiving, so that a creature which bas 
no mind is void of sensibility. This fact is confirmed by pathologi- 
cal observation; for, whenever the mind is affected, there appear at 
the same time symptoms of disordered sensibility, and vice versa. 
And when we find a patient exhibiting notable disorder of the sensi- 
bility, then, if the nerves are intact, we can safely conclude that the 
central nervous system is affected, and to that degree that the mind 
has not escaped. 
Anatomy and physiology here are in accord ,vith pathology. Some 
animals possess little or no sensibility: they belong to the lower 
grades of anÍlnals; their intelligence is obscure, and their sensibility 
is as obtuse as their intelligence. On the other band, if we consider 
animals of higher inteIIigence, we find their sensibility becoming more 
and more keen, till we come to man, at once the most intelligent and 
the most sensitive òr animals. And even in man himself ,ve find race- 
differences, those races being most sensitive which possess tbe highest 
degree of intelligence. The anatomical structure of the nervous cen- 
'tres is in harmony ,vith this coincidence, for it is in man that the pos- 
terior coh;mn3 of the spinal cord are most voluminous, as compared 
with the anterior. Now, the anterior columns transmit the motor 
excitations to the nerves, while the posterior cohnnns transmit tbe 
sensory excitations. Again, t.he posterior lobes of the brain in man, 
as compared with animals, are nlore deyeloped than the anterior. 
But it is in the posterior lobes that perception of sensitive excitations 
appears to reside. 
Nor is it surprising that tbere should exist so intimate a relation 
between mind and sensibility. Indeed, whatever may be the influence 
of the spontaneous development of the mind itself, resulting from the 
constitution of the brain, "Thich is its organ, it still holds true tllat all 
our knowledge comes from our sensations, and from the brain-work 
thence resulting. l\Iind is, SQ to speak, the product of these t,vo fac- 
tors; and our notions of the world around us, elaborated and fecun- 
dated by the mind's spontaneous action, constitute individual person- 
ality. lIenee, inasmuch as anatomy, ph)?siology, and pathology, show 
intimate relation between sensibility and intelligence, w"e can justly 
say that psyc1)ology confirnls the positive data furnished by these 
th ree sciences. 
Accordingly, poisons which affect the intelligence are ipso facto 
poisons of tbe sensibility. In this respect alcohol does not differ from 
chloroform. 'Vhen alcoholic intoxication is only beginning, we find 
already a notable degree of insensibility; but at the comatose stage 
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the insensibility is total, just as in the last stage of cl)loroform. Thus. 
intoxication by chloroform and intoxication by alcohol proceed along 
parallel lines, and we can distinguish a first period of intoxication, 
})roperly so called, and a second period of Rleep or coma. 
'Vhen a person takes chloroform, the first few iuhalations make 
}}im dizzy; he is seized with a sort of vertigo and dimness of vision. 
This vertigo goes on increasing, and, as the patient continues to respire 
the toxic agent, his ideas become more and more exalted. He ,bears 
what is said to him and makes replies, but he does so after the man- 
ner of a drunken man, at first exaggerating his impressions and re- 
gardless of proportion. His judgment has already disappf'ared, and 
be utters the most insignificant replies with a theatrical accent, the' 
effect being often grotesque. Next, his ideas grow more and more 
mixed: \vill and judgment being gone, ideation is disordered and de- 
lirious; in short, \ve have a state of sleep accompanied with dreaming, 
closely resmubling ordinary sleep. 
'Vhel1 the chloroform absorbed by the mucous membrane of the 
lungs has passed into the blood, active memory, which presupposes 
attention and will, has disappeared; still, the intelligence is not yet 
dead. Ideas are still conceived, old recollections persist, and sonlC- 
times even the memory of past events is strangely quickened. The 
patient will speak in a language he thought he bad forgotten, and 
recall old stories that seemed to hav'e passed into oblivion. This 
superexcitation of memory is all the more interesting because in sun- 
dry forms of mental alienation it occurs "with the same clÍaracters- 
these, too, being accompanied by entire loss of active memory. 
Th()ugh insensibility supervenes very soon after tile administration 
of chloroform, commonly it occurs only after the loss of memory, and 
this circumstance leads to very singular results. Thus, if tl1e surgeon 
begins the operation before perfect insensibility has been })roduced, 
the patient will cry out, and beg to have it delayed till the drug has 
had full influence. One might suppose, from his cries of pain and 
his contortions, tbat the chloroform had produced no effect, and yet 
on awaking he has no recollection of what has taken place. 
Is that real pain which leaves in the mind no trace? The answer 
to this question is not so easy as one .n1Ïght imagine. Suppose an 
acute, p
netrating pain, continuing only for about one n1Ïnute. Un- 
doubtedly the patient suffers real pain during that minute; but, if all 
memory of it disappeared at once, then the patient ,vould deny that 
he had suffered at all, and would not hesitate to undergo the operation 
again. In s
ort, he would have enjoyed the benefits of chloroformic 
anæsthesia. 
In administering chloroform, we must take account of the patient's 
temperament. If be is a resolute, courageous person, all .will go on 
well, and the insensibility will readily disappear; if, on the contrary, 
he has an unconquerable dread of the operation, great watchfulness 
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will be necessary, for in such cases syncope is very frequent. Besides, 
such a patient resists the action of the drug for a long time, and it 
must be administered in far greater quantity than in the other case. 
The chloroform always retains its power, but the cerebral excitation 
to which some patients are subject enables them to resist its toxic 
action, as though the will could, so to speak, brace itself up to resist 
the action of the poison on the nerve-centres. The same occurs in 
the use of alcohol. One who 
oill not be intoxicated may drink a 
large quantity without being drunk. At length, however, his will is 
conquered, and he falls to the ground, but he wiH not have experienced 
the exhilaration, the mad excitation, of tl]e man who gives himself up 
to the influence of the liquor. 
Thus, then, under the action of chloroîorm we find an antago- 
nism existing between the various intellectual faculties-on the one 
hand the voluntary, and on the other the unconscious faculties. The 
latter are slowest to disappear; ideation, its guide and check, being 
deranged or destroyed, foHows its habitual laws : association of ideas 
persists. External sensations are still borne in upon the mind, each 
one awaking a long series of ideas. As the sense of hearing is the 
last to disappear, the patient, though he can no longer either see 
or feel, hears every word that is spoken, and is set a-thinking at 
once. The same thing occurs in ordinary sleep, rarely in aclults, 
but very frequently in young children. In fact, a certain degree of 
natural somnambulism is nearly always to be found in children. The 
child speaks out aloud without waking, he laughs and talks; more 
frequently he is frightened and cries. The course of his thoughts may 
Le altered, diverted into another channel, by speaking to hÌln gently, 
and this without arousing bim from sleep. On awaking, all recollec- 
tion of this has vanished. This method has been tried in mental aUen- 
ation, to divert the thoughts of melancholies and hypochondriacs. 
But soon these ex
ernal phenomena which indicate the preserya- 
tion of the int
rligence, if not its integrity, disappear in tbeir turn. 
The period of excitation is succeeded by the period of relaxation. 
and then the patient is in a deep sleep. However violent the ex- 
ternal excitations, however painful tbe surgical operation, nothing 
can arouse the patient out of the comatose state into which he has 
HIllen. His respiration is regular, his pulse slow and full, his pupils 
are motionless, and his features, paralyzed as it were, no 10nger wea.r 
that convulsive grimace which may be regarded as the last trace of 
sensibility. Intelligence is now destroyed. The COlna of chloroform 
and that of alcohol appear to be essentially one. And, yet, what a 
difference! The former saves man from pain, the latter drags Ulan 
down to the lowest depths of degradation; yet in both all signs of 
intellectual life have disappeared-there is a temporary death of the 
mind.. It may be that, in the inmost nerve-tissues, brain-work still 
goes on, unconscious and silent, but whether this is so we know not. 
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SI{ETCH O:F PROFESSOR SECCll!. 


T HIS distinguished Italian physicist and astronomer died on the 
26th of February. PIETRO ANGELO SECCHI was born in Reggio, 
in Emilia, July 29, 1818. He was educated for the Church, and joined 
the order of the Jesuits November 3, 1833. He studied mathemat- 
ics, physics, and astronomy, under Padre de Vico, and taught Vhysics 
in the college of Loreto from 1841 to 1843. In 1844 be began his 
course of theology in the Roman College, and in 1848 came to the 
United StatE's, ana pursued his theological studies, at the BanJe time 
teaching physics and mathematics, in the Georgetown College, District 
of Columbia. There he remained until 1850, when he was recalled to 
Rome. 
Re now entered upon his public career as an astronomer and 
physicist. I-Ie was appointed Director of the Observatory of the 
Roman College, reconstructed it on a new site and plan, in vented and 
perfected an improved system of meteorological observation, pub- 
lished a monthly bulletin, which was continued until 1873, and in- 
vented and constructed a meteorograph, which ,,,,as much admired br 
savants at thc Paris Exhibition of 1867. 
Prof: Secchi was commissioned by Pope Pius IX. to complete the 
trigononlctrical fi)urvey of the Papal States, begun by Boscovitch in 
1851, and to rectify the lneasurements already nlade of the llleridional 
arc. He abo superintended and executed successfully a conunission 
to bring a supply of water to Rome from Frosinone, forty-eight miles 
distant. After the closing of the Roman College, and the expulsion 
of the Jesuits (1870-''13), Prof. Seccbi was allo".ed to retain }Jis post, 
and continued to lecture on astronomy in the ecclesiastical schools at 
Rome. In 1875 be ,vas sent hy the Ita1ian Government on a scien- 
tific mission to Sicily. 
Prof. Secchi was a man of great industry, aDd cultivated the as- 
tronomical field assiduously. The results of his scientific labors win 
be found chronicled in the periodicals of Italy, France, Germany, and 
England, and the" SnlÍthsonian Contributions to Knowledge" in this 
country. But he is especially known in the scientific world for his 
researches and discoveries in spectroscopic analysis, and in solar and 
stellar physics. Al110ng the most important of these are his "Sl)ec- 
trum Observations on tbe Rotation of the Sun," pub1isned in 18'10. 
The same year he printed a large ".ork on the sun, which was highly 
regarded, and immediately translated into French and German. His 
last considerable publication is a popular book on "Tbe Stars," con- 
tributed to the Italian branch of the" International Scientific Series." 
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CORRESPONDENCE. 


TIlE GERM THEORY. 
To the Editor ofthø Popular &ience .iV:on!h
1I. 
I N your February number, Dr. J. R. Black 
assumes to correct Dr. Niemeyer's 
statement that the night-air of large cities 
is less noxious than the stirred-up air of the 
daytime, and he does so with a degree of 
confidence that seems to imply that there 
can be no such thing as doubting that he 
s peaks ex cathedra. 
N O\V, Dr. Black evidently believes that 
the insalubrity of city air depends upon the 
amount of non-respirable gases that may 
be diffused into the respirable ones; and 
is wholly independent of the condensible 
effluvia of the vaporous kind, or of tbe 
organic germ-dust that the heat and stir of 
the day may keep suspended, but would 
settle with the coaling and quiet of the 
night. 
Kow, while the precise application of the 
1aw to cities has not been made before, pel'- 
haps, in your journal, the teaching which in.. 
evitably leads to it has been abundant, and 
from unquestiona,ble authority, so that, if 
Dr. Black wishes to correct so fatal an error 
as he charges this to be, he is very late with 
his solicitude. One lecture of Tyndall's, 
published by you, devoted much detail to 
the experiments of the professor, in his at- 
tempts to bottle a sterilized infusion in the 
laboratory of the Royal Institution, in air he 
had attempte!i to sterilize there, and ex- 
plaining that he did succeed in a special 
chamber elsewhere. If, as Dr. Black would 
imply, noxious effluvia obey the law of diffu- 
sion of permanent gases, how comes it that 
they specially hover over low marshes and 
putrefying ces
pools, while the ascent of a 
mountain of considerable elevation carries 
us above malaria and aërial infection, and 
often above bacterial decay? 
A recent experiment of Tyndall's was 
to steri1ize a bottle of infusion and open it 
upon the brink of a precipice, and, after 
contact with the air, reeork it, to ob!3erve 
whether the infusion retained its sterility or 
not. He founù the air germless. The ex- 
periment was made to test this identical 
question of the settling of ferment-germs. 
Pasteur tried similar e
periments, as- 
cending to high points in Paris, bottling and 
comparing the air so bottled in putrefactive 
power with air bottled upon Mont Blanc, 
and with the air of the streets of Pad
, al- 
ways with the re
ult of findin
 the air of the 
street levels more laden with micronymes 
tban that obtained at considerable eleva- 


tions. Upon the 'Vestern PIa ins, before 
civilization had scattered its filth, laden 
with zymogens, meats hung up in the air, 
even in midsummel., would keep sweet for 
days. The emigrants of 1849, in crossing the 
Plains, were surprised to find often the car- 
casses of dead animals of a previous caravan, 
drying-up viscera, and all without decay. 
rfhis is easily explained on the germ-theory; 
without, it is inexplicable. If Dr. Black has 
any evidence that the germ-theory of decay 
and zymotic diseases is untenable, he should 
presently submit it, for, to my thinking, the 
world is only waiting to hear from Dr. 
Charlton Bastian, when the testimony and 

rgument will be declared closed. 
Respectfully, 
C. ,Yo JOIINSO
. 
ATCHISON, KANSAS, February 20,1878. 


THE HOR::;E IN A)lERICA. 
'VE extract the following from a private 
letter of a Swiss archæologist: 
"In THE POPULAR SCIE
CE )IO
TnLY of 
last November, page 121, I read that in 
Colorado on ruins more than 500 years old, 
probab1y much older, there are found draw- 
ings of horses. Can this be correct? I 
know there are found fossil remains of 
horses in America, but I know also tbat 
the horse was totally extinct in America at 
the time of its discovery by the Spaniards. 
Ruins on which' drawings of horses are 
found must, therefore, be more recent than 
the discovery of America by the Spaniards. 
The well-preserved ceùar-wood indicates 
that the ruins cannot be as old as the fossil 
horse. From the fact that no signs of a 
door are visible in the outer wa118, and the 
ingress was from the top, I conclude that 
these ruins must have been built by the 
Pueblo Indians, or an allied race. I be- 
lieve the Pueblo Indians to be the 1ast re- 
mains of a more highly-civilized race, per- 
haps identical with the mound-builders, and 
would attribute to the same race the anti. 
quities of Arizona. They have been almost 
exterminated by the la.ter invasions of very 
distinct tribes. The aborip;ines of America 
did not know in 1492 the U8e of iron. That 
a skeleton in a Utah mound (page 123, 
ibid.) would have been found with a huge 
iron weapon in the right band is therefore, 
for me, quite incredible. A1so the occnr- 
rence of wheat in the same mound and of 
bones of 81wep in the Colorado ruins. Except 
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the llamas anù alpacas of Peru, the abori- 
gines of America in the fifteenth century 
had no cattle whatever, and the domestic 
sheep and the wheat have been introduced 
by the Europeans in America. 
"Was the skeleton in the Utah mound 
of the Indian red race? Then it must be 
more recent than the European invasion 
which brought wheat and cattle to Ameri- 
ca. Or is it possible that the Colorado 
ruins and the Utah mounds relate to an 
Asiatic invasion which brought iron, wheat, 


horses, and sheep, into America before the 
European invasion, but was exterminated 
with its wheat and cattle, by the Indian
 
long before Columbus. Elephants' heads. 
represented on the walls of Palenque and 
other Mexican ruins, would support a simi- 
lar view, if they do not belong to extinct 
species, which would prove an enormous 
age for these ruins. However this mav be 
it cannot be doubted that in 1492 th
 na: 
tives of America knew neither elephants, 
nor horses, nor sheep, nor wheat." 


EDITOR'S 


AMERICAN OONTRIBUTIONS TO ELEC- 
TRIO.AL SOIENOE. 
T HE story of electricity forms the 
most romantic chapter in the his- 
tory of science. The curious thing 
about it is, that it has been a progress 
from utter and absolute ignorance to the 
most familiar and extensive practical 
results. In all the other sciences- 
mechanics, optics, physiology, astron- 
omy-there was a basis of common 
knowledge, consisting of many familiar 
facts to start with, and there is ever 
a rudiment of science in the loose ob- 
servations of uninstructed people con- 
cerning things that faU within the range 
of ordinary experience. But elec- 
trical science had no such starting- 
point-nothing was known by common 
people of any such agent. Lightning 
was hardly regarded as a terrestrial 
thing. It was the bolt of Jove, a min- 
ister of God's wrath, or a malign agen- 
cy of the prince of the powers of the 
air, a kind of preternatural phenome- 
non; and, when amber was rubbed and 
found to attract light bodies in a mys- 
terious way, it was assumed to llave a 
soul and to be a sacred thing. This 
little seed of the science did not germi- 
nate for thousands of years. It was 
an instructive test of the culture of the 
human mind, and shows what an enor- 
mous amount of preliminary mental 
activity had to be expended before 
men were prepared to engage in the 
study of Nature. The natural world 
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was fined with this force which we 
now call electrical; all things were per- 
vaded by it, but it was beneath the sur- 
face; it did not strike the senses, and 
compel attention; it could be discov- 
ered only by thought, and the investi- 
gation could not commence until the 
human inteIIect had been turned in a 
systematic way upon natural things. 
But when experimental inquiries in 
electricity were once begun, tlleir re- 
sults were so curious and peculiar that 
they exerted a powerful fascination 
over the wonder-loving, and by t1JÍs 
stimulus the science grew rapidly. It 
has given rise to a brilliant series of 
electrical and magnetic discoveries, in- 
ventions, and useful applications, of 
the widest range and the highest utility 
to civilization, such fiS no other science 
has afforded. The intellectual move- 
ment lIas here been from the zero of 
total ignorance, through long observa- 
tion and experiment, up to the richest 
harvest of wonderful works. 
It is interesting to note how fully 
this science belongs in its development 
to civilization, and how widely its dis- 
coveries are to be apportioned among 
different nations, and it is not to be 
overlooked that the New W orId shares 
these honors conspicuously with the 
Old. The Englishmen Gilbert and 
Gray were prominent in laying its 
foundations; the German Guericke 
contributed essentially to the work, 
and Du Fay, the Frenchman, gave ear- 
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Iy form to its theoretic structure. The 
next, and by far the most brilliant step 
yet taken, was made by the American 
Franklin in demonstrating the identity 
of lightning and common electricity, 
and in the invention of the lightning- 
rod. The Italians Galvani and Volta 
then followed, giving us the electrical 
batteries that bear their names; the 
Englishman Davy soon made an epoch 
in electro-chemistry; and Oersted, the 
Dane, came next with the discovery of 
electro-magnetism. This paved the 
way for the era of the successful estab- 
lishment of the telegraph; and here 
our countryman Morse was a leader, 
whose name is everywhere indissolubly 
linked with the system. 
All these achievements in the prog- 
ress of the science were regarded with 
incredulous astonishment when they 
were made; but the recent exploits in 
the field of electrical invention and dis- 
covery surpass, if possible, in their 
wonderful results, all that has gone 
before, and here the work is exclusive- 
ly Alnerican. The musical telephone 
of Elisha Gray, anù the speaking tele- 
phone of Graham Bell, together with 
the Phonograph of Thomas Edison 
(which, although not an electrical ma- 
chine, grew out of the telephone), were 
all invented in this country, and they 
nobly "crown t11e first two years of 
our new century." The import of 
these devices is being increasingly ap- 
preciated by scientific men as their 
powers are developed, and eminent 
foreign electricians have pronounced 
them the most extraordinary produc- 
tions of the present century. Experi- 
menters abroad may be expected to 
contribute to the elucidation of their 
conditions and principles, but they will 
do well not to overlook what has been 
accomplished here. Already, they are 
taking credit for contrivances which 
are but repetitions of American work. 
Dr. Willialn F. Channing, of Provi- 
dence, who, with other gentlemen of 
that city, llave taken an active interest 
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in the telephone from the outset, and 
contributed valuable aid to Prof. Bell 
in perfecting his invention, thus writes 
to the Journal of the Telegraph in ref- 
erence to things done on the other side, 
that had been anticipated here: 
"A considerable flourish has recently 
been made over the multiple telephone of 
1\1. Trouvé in Paris. As the speaking tele- 
phone is entirely an American discovery, it 
is worth while to keep the credit of what we 
do at' home. 
"The multiple telephone, that is, a cu- 
bical or polyhedral chamber, every side of 
which, except the front, is occupied by tele- 
phone-plates with magnets, etc., behind, was 
made last summer, by Henry W. Vaughan 
in Providence, before the speaking tele- 
phone had been seen in France. 
" In a recent lecture upon the telephone 
before the Franklin Society of Providence. 
I had tIle pleasure of using a pair of sympa- 
thetic or rather responsive tuning-forks, 
made many months ago by Prof. E. W. 
Blake, of Brown University. These tuning- 
forks were of the same musical pitch, and 
each mounted on a sounding-board. They 
were also tempered and magnetized, so as 
reany to constitute permanent U magnets. 
Between the poles or ends of the prongs of 
each of these magnetic tuning-forks, a short 
soft-iron core, surrounded with a coil of fine 
insulated wire, was supported, very near, but 
not in contact with, the prongs of the tuning- 
fork. These instruments were placed in a 
common telegraphic circuit a sixth of a mile 
apart. Wben the distant instrument was 
struck, the other responded so as to be 
heard throughout tlle lecture-room. This 
is a form of the responsive tuning-fork, 
much more beautiful than that figured in 
Nature, and ascribed to W. C. Röntgen; 
and it anticipated European application by 
several months." 


JIR. WALLAOE .AND OLAIRVOY.ANOE. 
WE have followed up the controver- 
sy that grew out of the publication of 
Dr. Carpenter's lectures on spiritualism, 
and, having printed in the MONTHLY an 
ad verse review of that book by a lead- 
ing representative of the spiritualist 
party in this cOllntry, we have repub- 
lished in successive numbers of t1le Sup- 
PLEMENT the replies to Dr. C3rpenter 
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made by those eminent scientists, 
Ir. have never been satisfactorily explained 
William Crookes and 
Ir. A. R. 'V allace. away." Among these is the proof of clair- 
"\Ve supposed, from intimations in this voyance. The committee say that" pre- 
last and shorter installment, tbat the vision of organic phenomena, knowl- 
discussion was ended; but Mr. Wallace edge of the internal conditions of other 
comes on again in the last .A thenæum, persons, and true clairvoyance, had been 
and, as the logomachy may prove in- demonstrated to them." Mr. 'VaBace 
terminable, we, at all events, shall have adds:" One of the somnambulists de- 
to stop. Nothing would be gained by termined correctly the sJrnptoms of 1tI. 
printing )11". "'T aIJace's last letter in fun, Marc, a commissioner; and also tlJe dis- 
but some notice of bis positions may be ease of another person, the accuracy of 
desirable. the diagnosis being confirmed by post- 
The relation of official French inqui- mortem examination. Clairvoyance wris 
ry into mesmerism, animal magnetism, proved by one of the patients repeated- 
and clairvoyance, has been a prominent ly reading and naming cards while four 
question in this controversy. The main of the commissioners successively held 
facts seem to be these: In 1784 the his eyes closed with tl
eir fingers-a 
French Government ordered the medical test, the absolute conclusiveness of 
faculty of Paris to investigate the theo- which each one may satisfy himself of." 
ries of Mesmer, who had been making a The term clairvoyance means literal- 
great stir in that city, and report upon ly clear sight. But everybody with good 
them. A committee was appointed, of eyes has clear sight; tIle al1eged vision 
which Franklin ßnd Lavoisier were is, therefore, not of tLe ordinary kind. 
mem bers, and their report was ad verse It claims to be an extraordinary kind of 
to the validity of Mesmer's claims. In seeing, a seeing through opaque objects- 
1825 the believers in animal magnetism through the eyelids, through bandages, 
applied for 3. new com
ission, w l1Ïch or through the back of the bead, and 
was appointed by the Academy of Sci- into objects not penetrable by ordinary 
ences, and consisted of five members, vision. The term "clear," as ßPplied 
who made a favorable report upon the to this kind of sight, is intended to de- 
subject in 1831; but tllÌs report was nei- note especial or remarkable clearness.. 
ther adopted by the Academy nor reg- or a transcendental vision, w}1Ïch opens 
ularly printed in its memoirs. In 1831 to sight things not sensible to the Dor- 
the French Academy appointed a new mal eye. In short, clairvoyance af- 
commission of nine members, who re- firms an extra endowment for making 
ported adversely upon the doctrine of things visible which goes beJond the 
animal magnetism, and their report was rfinge of that sense which is our usual 
adopted by the Academy; and stiU an- source of know ledge. 
other commission was afterward ordered N ow, Mr. "\VaHace says that this is 
by the same body, and with the same an" absolute fact," which has been coo- 
result. :Mr. WaIJace complains that Dr. elusively proved and known for forty- 
Carpenter, in his historical sketch of seven years, or since the report of 1831, 
the subject, ignored the report of 1831, that declared it to be demonstrated. 
which was on the side of mesmerism, As, therefore, tl1Îs remarkable endow- 
and was not accepted by the French ment of human nature has been estab- 
Academy, and be devotes his last letter Hshed as ß fact for nearly half a century, 
to a statement of the points made in we are fairly entitled to ask, What have 
that. report. Mr. Wallace assures us been its results 
 If it be true, no dis- 
that the commission "obtained 3bso- covery ever made in science can for a 
]utely conclusive facts, which Lave eUb- 1 moment bear comparison with it in im- 
sequently been often confirmed, but portance; and if it be true, we have a 
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right to demand the legitimate results 
that must flow from it, as we expect 
and require the natural results of all 
other genuine discoveries. Of course, 
the objection may be interposed that we 
must not be premature in anticipating 
the fruits of discovery, because the his- 
tory of all science shows that the interval 
between the dawn of a new principle and 
its developments and applications may 
be very long. This is true; yet, in every 
cage, we demand at once the effects that 
flow immediately from the quality of the 
discovery; in fact, we only know it by 
these results. It would, of course, have 
been absurd to expect from the inven- 
tion of the spy-glass the great results 
of the modern telescope, which has 
grown out of it; but it would have been 
proper to expect from the spy-glass that 
which was properly claimed for it, and 
which it at once compelled all men to 
yield. All scientific discoveries, in fact, 
are new procurable effects, and are, 
therefore, their own witnesses. Clair- 
voyance 'must give us the new results 
of a marvelously-sharpened vision; the 
extra faculty implies extra disclosures. 
And again we ask, where are they? 
With a new capacity for seeing, what 
new thing has been seen? The limita- 
tions of vision restrict and measure the 
usual sphere of knowledge, and with 
every increase in the power of optical 
instruments, as the microscope and tel- 
escope, in aiding the eye, knowledge 
has been extended, novel facts brought 
to light, and it is these that attest the 
instrumental improvements. But with 
a power of vision so mysteriously sharp- 
ened that opaque objects become trans- 
parent, with the barriers actually taken 
away, what has been revealed 
 There 
are thousands of perplexing and unset- 
tled questions, regarùing the constitu- 
tion of material things, which might be 
cleared up by another increment of vis- 
ual penetration; but clairvoyance has 
given no help in conquering these diffi- 
culties. If it has been a demonstrated 
reality these fifty years, it ought long 
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ago to have vindicated its claims by un- 
veiling some of the obscurities of mate- 
rial objeots. Yet, claiming to ùe a su- 
perior means of laying open the inner 
constitution of things, it has not even 
proved equal to ordinary sight, and has, 
in fact, done nothing whatever toward 
extending the boundaries of know ledge. 
It may, perhaps, be objected that clair- 
, 
voyant power of seeing through opaque 
things no more implies a revealing of 
their inner nature, than looking through 
the air with the eye implies the recog- 
nition of its physical and chemical con- 
stitution. But this plea for seeing noth- 
ing, with a preternatural gift of sight, 
is futile, and the advocates of clairvoy- 
ance understand well enough that the 
validity of the claim must turn on what 
is recognized; accordingly, the French 
commissioners say it :had been demon- 
strated to them that clairvoyance gave 
a knowledge of the internal conùition 
of other persons. The boùy was not 
looked through as we look through the 
air, where nothing is seen; but it is 
claimed that things were seen, internal 
conditions perceived, morbid actions 
identified, and features of disease de- 
scribed, that were confirmed bJ
 post- 
mortem examination. ',hy, then, slwuld 
this power be confined to the identifica- 
tion of things already ascertained by 
the common resources of inquiry? The 
new way of getting into the mysteries 
of the organisln should have attested 
itself by results not accessible by ordi- 
nary means. It is significant that the 
clairvoyant reports only fiS far as nor- 
mal knowing had already reached. 
Yet the human s"stem is filled with 
., . 
physiological and pathological enigmas 
and obscurities, the clearing up of which 
would be priceless to science. Why, 
then, ùid not the physicians of the 
French commission close the investiga- 
tion at once and forever by throwing 
ligl1t upon organic processes not before 
understood, and thus vinùicnting the 
new method, by showing that it could 
do, in a direct way, at least as much as 
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we are now able to do indirectly, though 
only by long and difficult processes of 
investigation 
 
This is certainly a dictate of common- 
sense. The test of clairvoyance is what 
the alleged exceptional clearness shows. 
The question is, Can the clairvoyant 
actually do what he pretends to do 
 
And the proof is not the mere testimony 
of a few parties, who say they h,ave 
seen extraordinary things, but what has 
been positively, and demonstrably, and 
openly gained to science 
 This is the 
test in the case of all other scientific 
discoveries. M. Burdin, 8 member of 
the Academy of Sciences, put the claims 
of clairvoyance to very simple and de- 
cisive proof in 1887, when the real 
" evidenee " signally failed. He placed 
3,000 francs in the hands of a notary, 
subject to the order of the Academy, to 
be given to anyone who would read 
writing placed in an opaque box, a 
comn1Ïttee of the Academy being ap- 
pointed to supervise the experiments. 
The conditions were modified in vari- 
ous ways to suit objectors, the only 
point being to determine whether the 
clairvoyant could actually see through 
an opaque substance, and the time al- 
lowed to :find a party who could do this, 
at first two years, was extended to three. 
Numerous trialg were made, but none 
succeeded.. The result, however, of the 
carefully-conducted experiments was to 
detect, in several instances, the fraudu- 
lent mode in which the alleged previous 
successes had been obtained. 


NEW SOLAR PHOTOGRAPHS. 
M. J A
SSE
, the eminent director 
of the observatory at :Yeudon (France), 
has for some time been giving his at- 
tention to solar IJhotography, and with 
singular success. The very remarkable 
photographs he has lately produced 
llfive hardly yet reached this country; 
but, from the examination of one, sent 
by him to the 
\llegheny Obseryatory, 
and which we IHt\
e had the opportunity 


of seeing, we :find that the praise be- 
stowed abroad upon these new resuHs 
is fully deserved. 
The surface of the sun itself has 
been described by recent observers as 
consisting of a relatively dark back- 
ground, thickly starred in every part 
by those strange objects called techni- 
cally" granules," or "rice-grains," and 
which constitute the real source of the 
solar light. These, which have hither- 
to only occasionally been seen by good 
telescopes, are now definitely :fixed ror 
us by the camera, and we may see for 
ourselves that tIley, with their sur- 
rounding gray, do resemble-to com- 
pare great things with small-rice in a 
plate of soup, though the IJhotograph 
shows that they are not in general elon- 
gated, but nearly round, with an ir- 
regular outline, as described by careful 
observers. 'Ye must leave, however, 
to special students the study of these 
details, and only observe that the pho- 
tograph, besides confirming previous 
optical obser,ations as to the remark- 
able fact that the light and heat of the 
sun come from but a small part of its 
surface, adds otherwise directly to our 
know ledge, by presenting new facts, 
such as the evidence of storms upon 
the solar surface (quite away from the 
spots), which }lave never yet been dis- 
tinctly observed by the telescope. 
These admirable photographs can 
hardly fail to soon become known, by 
copies to the scientific public, for they 
constitute a most essential step in the 
study of the sun, and one on w hich 
r. 
Janssen is certainly to be congratu- 
lated. 


THE EDISD.ZV PHONOGRAPH. 
I
 a certain sense, this "acoustical 
marvel of the century" is as simple as 
a grindstone; but, in a scientific point 
of view, therß are subtile questions 
about it that only trained physicists can 
appreciate. Prof. Mayer's article upon 
the subject, in the foreg-oing pages, be- 

ides accurately explaining the n1echan- 
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ism and its operation, points out the 
delicate complexity of its effects in a 
way that will interest all curious-mind- 
ed readers. Mr. Edison, by this inven- 
tion, has done for sound what Daguerre 
did for light-made it possible to fix 
and permanently retain the most fleet- 
ing impressions. We pointed out, last 
month, the marvelous capacities of cold 
iron, magnetism, and an electric wire; 
but the capacities of the phonograph 
are still more marvelous, for, with only 
a vibrating plate, a sheet of tin-foil, 
and a crank, it is possible to arrest and 
fix all kinds of sound, and, having 
preserveù them as long as metals will 
hold their properties, to give them forth 
again in all their original qualities. The 
voice, indeed, is somewhat muffled and 
minified when returned frorÒ the iron 
tongue of the phonograph; but its in- 
tonations, inflections, pauses, and quali- 
ty, are rendered with 
mrprising fidelity. 
By the simple turning of the crank, the 
machine talks, sings, shouts, laughs, 
whistles, and coughs, so naturally and 
distinctly, that the listener can hardly 
believe his senses, or escape from the 
suspicion that there is some ventrilo- 
quist hocus-pocus about it, or a little 
fellow concealed somewhere about the 
arrangement. But the fact is estab- 
lished, and must be made the most of, 
A machine, as simple as a coffee-mill, 
hears a speech or a song, and gives it 
back as perfectly as it was at first ut- 
tered by the Ii ving organs of voice. 
Anll so, again, we have the lesson re- 
peated! with still greater emphasis, that 
we must raise our estimate of the 
powers and potencies of "mere dead 
matter." 
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PHYSIOGRAPHY: An Introduction to the 
Study of Nature. By T. H. HUXLEY, 
F. R. S. 'Vith Illustrations and Colored 
Plates. Second edition. I'p. 377. New 
York: D. .Appleton & Co. Price, $2.50, 
THIS volume has been prepared as a 
school text-book on the subject hitherto 
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known as physical geogl'aphy, but in its 
method it is very different from the usual 
works upon that subject. Of course, Prof. 
Huxley could not enter upon this field with- 
out taking his own view of its method of 
treatment, and making an original book, 
but beyond this he has unquestionably made 
a very valuable contribution to educational 
literature. In the following passage from 
the preface he puts the subject upon its ra- 
tional and proper basis. He says: 
H I do not think that a description of the 
earth which commences by telJing a child that 
it is an oblate spheroid moving rowld the sun 
in an elliptical orbit, and, enùs without giving 
him the slightest hint toward under8tanding 
the ordnance-map of his own county, or any 
sug
estion as to the meaning of the phenomena 
offered by the brook which runs through his 
village, or the gravel-pit whence the roads are 
mended, is calculated either to interest or to 
instruct. And the attempt to convey scientific 
conceptions without the appeal to observation 
which can alone give such conceptions firmness 
and reality, appears to me to be in direct an- 
tagonism to the fundamental principles of scien- 
tific education." 


Prof. Huxley was led to the preparation 
of this volume in consequence of having 
been invited, several years ago, to give a 
course of lectures before the London Insti- 
tution, which were intended to initiate young 
people into the elements of physical science. 
Prof. Huxley took the opportunity thus 
afforded to put into practical shape ideas 
long entertained respecting the propel' 
method of approaching the study of Nature. 
Twelve lectures were given, not on any par_ 
ticular branch of know ledge, but on natural 
phenomena in general! and thc title" Physi- 
ography" was taken to di:5tinguish both as 
to matter and method between the subject 
and what is commonly understood as physi- 
cal geography. The ideas which Prof. 
Huxley aimed to embody in these lectures, 
and which charactprize the present worli:, 
are thus happily presented by himself: 
" It appeared to me to be plainly dictated by 
common-sen8e, that the teacher, who wishes to 
lead his pupil to form a clear mental picture of 
the order which pervades the muJtifonn and 
emUessIy-shifting phenomena of Nature, should 
commence with the famIliar facts of the scholar's 
daily experience; and that, from thc firm ground 
of such experieQce he should lead the beqinncr, 
step by step, to remoter object
 and to the less 
readily comprC'hcnf'lible relations of things. In 
short, that the knowledge of the child should, of 
Bet purpose, be made to grow, in the same man- 



75 0 


THE POPULAR SCIENCE MONTHLJ
'. 


ner as that of the human race has spontaneously 
grown. 
H I conceived that a vast amount of knowl- 
edge respecting natural phenomena und their 
interdependence, and even some practical ex- 
perience of scientific method, could be connyed, 
with aU the precision of t:!tatement which is 
what distinguishes science from common in- 
formation; and yet, without overstepping the 
comprehension of Iearuers who p08sest:;ed no 
further share of preliminary educational disci- 
pline than that which fall
 to the lot of the 
boys and girls who pass through an ordinary 
primary school. And I thoug-ht that, if my plan 
coulc be properly carried out, it would not only 
yield results of value in themselvefl, but would 
facilitate the subsequent entrance of the learn- 
ers into the portals of the special sciences." 


college, and one of the university lecturers. 
His literary work consists of articles con- 
tributed to the No1"th American Review and 
the Nation. The following passages from 
his biographer's description of his character 
will give the reader a good idea of some of 
its aspects: 


U Calm, gentle, unassuming; ready to be 
pleased; demanding little of his friends; 88 
pure as a woman in thought and speech; fond 
of children, and unwearied in giving them pleas- 
ure; free from passion to a defect; never self- 
iBh, though at times, from preoccupation of 
mind or from lack of imagination, not wh,o])y 
considerate j deficient in ambition; devoid of 
jealousy and envy; perfectly'honorable and per- 
fectly amiable-these stnnd out in the memory 
Prof. Huxley fulfilled this idea with great of his oldf'st friends, 8S the last impresf!ions of 
approval in his lectures. He began by his character, the same large features, great sim- 
ideally placing his audience upon London plicity and great dignity, which would bave 
B . d t b d . d th ' struck an observer meeting him for the firf:1.t 
rl ge 0 0 serve an conSI er e rIver- t . 
. . lime. . . . 
phenomena of the Thames. From thIS pomt, I .
 Hj
 writing8 were more like f:imple trans- 
step by st.ep, he worked over the field, con- verl?e Eections from a web that was ever un- 
stantly using illustrations and explaining I rolling itself from the loom of bis busy brain 
ffi t.s th t f1 T t h' h I than like pieces woven for the occasion, in 
e ec. a were amI Jar 0 IS earers. which a particular effect was to be produced by 
In thIS aspeet., therefore, the book has a proper combination of the material at his com- 
flavor of locality, but the thoughtful teacher I mand. I fear that my iIJustration may not seem 
in using it will simply transfer its applica- a very pertinent one; but it presents itself nat- 
. h '. . Th b k . ur811y to me as I recan the process oC compo- 
tIOns to IS own regIOn. e 00 IS beau- I .. f th b Ik f h . bl ' b d d 
. . . SitIon 0 e u 0 IS pu IS e essays, an 
tIful1y Illustrated, and should find Its place, many more that never went beyond his friE'nds. 
if not as a class-book, at least as a book for He wrote with pencil, usually in a note-book; 
reading and reference, in every school. and, when he was in the mood of composition, 
wrote pretty steadily all day and far into tbe 
night. He was too precise in thought and ex- 
I pression to need to correct much or to revise 
what he had written: and I can hardly recan an 
I inE1tance of his rewriting, or rather reshapiug, 
I an eS8ay, short or long. The 
tarting-point was 
usually some fruitful reflection that promii!ed to 
reward developm('nt; and from this point he 
would proceed on what was really a voyage of 
discovery, though in watf'rs that were in gen- 
eral familiar to him. 'What he wrote during the 
day would probably be read to me, or the friend 
that was nearest, the next day, and talked over 
in a way. The end often came quite as much 
because the ajJiatus bad ceased as because a nat- 
ural conclusion had been reached. What he 
thuR produced were rather studies than fini8hed 
work. They aided him to make his own thought 
clear to himself, but were little fitted to impress 
that thought upon others. Original, solid, sug- 
gestive, as they always were, from the very man- 
ner of their production they lacked proportion, 
relief, perspective. It E1eems a hard thing to say 
of our Chauncey, the most l:Jimple, modest. and 
unconscious of men, that he never knew how to 
sink himself in his subject; yet just here, in the 
lack of instinct to di!'cern how the minds he was 
addressing would be affected. and in the lack of 
di
cipJine to accommodate the workings of his 
own mind to their needs and not unreasonable 
demand8, lies the explanation that an inteUi- 


LETTERS OF CHACNCEY "
RIGHT. 'VITH 
SOME ACCOUKT OF HIS LIFE. By JAMES 
BRADLEY THAYER. Privately printed. 
Pp. 383. Cambridge: Little, Brown & 
Co. Price, $
.50. 
WE have found this volume very pleas- 
ant reading, as it delineates the features 
of a marked personality, and makes us 
acquainted with the somewhat peculiar life 
of a man who was thoroughly appreciated 
and much beloved by his friends. His 
printed letters are most readable, and, 
though not brilliant, they seem ro us quite 
superior in simplicity and clearness of style 
to his more elaborate published essays; 
and this too when he i:3 treating of the same 
subjects. He was born at J\orthampton, 
Massachusetts, in 1830, entered Harvard 
College in 1848, passed the rest of his life at 
Cambridge, and died suddenly of apoplexy 
in 1875. He was emplo
-ed in the office of 
the Nautical Almanar, took occasional pri- 
vate pupils, taught in Prof. Agassiz's school 
for young ladies, was an instructor in tbe 
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gence so rich and powerful, so eager to give of 
its abundance, has not left the world more in 
his debt. He fell dead at the very noon of intel- 
lectual lire, as he would bave wished to do, at 
his def:\k ; but, from the qualities of which I 
have spoken, I doubt whether he would ever 
have been appreciated properly fiS a thinker 
out
ide of a small circle of readers, had his life 
been prolonged ten or twenty year8." 


FREETHINKING AND PLAIN SPEAKING. By 
LESLIE STEPHEN. Pp. 362. New York: 
G. P. Putnam's Sons. Price, $2.50. 
THIS is an able vindication of what sure- 
ly needs to be vindicated-the duty of plain 
speaking. The peril of it is chiefly main- 
tained by those who are skeptical at the 
core about things to whi<:h they give a pub- 
lic adhesion. There has been a great ad- 
vance in the liberty of plain speaking, and 
almost a corresponding advance in the li
- 
erality with which it is received. And, 
with thi5 increasing toleration of it, plain 
speaking has grown more civiJ, and no lon- 
ger means, as too often it used, violen't and 
ill-tempered assaults on decent and cher- 
ished, though antiquated, theories of life 
here and hereafter. This book is itself an 
excellent example of the lesson it inculcàtes. 
The first essay is entitled "The Broad 
Church." It examines the position of those 
who adopt the formularies of the Church as 
being the expression of their deepest con- 
viction, who repeat the creeds, who sub- 
scribe to the Thirty-nine Articles as often 
as desired, but who at the same time ex- 
press their desire to discover and follow the 
truth, and do actually hold rationalistic 
views. The various arguments by which 
this course is sustained are considered, and 
attention is given to the ingenious devices 
by which these gentlemen, who are given. 
the fullest credit for honesty and sincerity, 
endeavor to reconcile the difficulties of their 
position. The conclusion is reached that 
the attitude is a perilous one, and that the 
efforts to maintain it are painful and hu- 
miliating. \Ve have a good illustration of 
this ill the recent discussion of eternal pun- 
ishment. 
In the excellent chapter on " Darwinism 
and Divinity" is shown, among other things, 
the utter fallacy of the notion that existing 
creeds are the sole bulwarks of moraJity. 
Of conrse, if it be admitted that God gave 
the Commandments directly to man; that 
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he proclaimed from Sinai the existence of a 
heaven and a hell; and that these are the 
foundation, instead of the outgrowths, of 
our moral nature-then their overthrow 
might imperil morality. But this radical 
ground is seldom taken now, and, if it be 
conceded that beliefs are generated from 
within, the argument disappears. The vir- 
tuous instincts which have contributed the 
best which is in theology may safely be in- 
trusted with the eare of morality when the- 
ological dogmas have become obsolete
 
The last essay, called" An Apology for 
Plain Speaking," is an appeal to those who 
agree with :Mr. Stephen in his conc1usions 
to state their agreement in plain terms, and 
meets tbe questions, " Why attack a system 
of beliefs which is crumbling away quite 
fast enough without your help?" " Why 
try to shake beliefs which, whether true or 
false, are infinitely consoling to the weaker 
brethren?'. For the answer to these ques- 
tions, we must refer the reader to the book 
itself, commending its closing passage: 
" Let us think freely and speak plainly, and 
we shall have the highest satisfaction man 
can enjoy-the consciousness that we have 
done wbat little lies in ourselves to do for 
the maintenance of the truths on which the 
moral improvement and the happiness of 
our race depend." 


THE SOURCE OF MUSCULAR POWER. ARGU- 
ME
TS AXD CONCLrsIO:S'S DRAWN FROY 
OBSERVATIONS UPON THE HUMAN SUB- 
.TECT UNDER CONDITIONS OF REST AKD OF 
}IUSCULAR EXERCISE. By AUSTIN FLIKT, 
Jr., M. D. Pp. 103. D. Appleton &, Co. 
Price, $1. 
DR. FLINT here attacks one of the most 
interesting questions in phJsiology-one 
which has attracted much recent attention, 
and given rise to earnest controversy. The 
issue discussed in this volume was first 
brought prominently forward and closel)' in. 
vestigated by Prof. Liebig nearly forty years 
ago. It received a new impulse in 1866 by 
the researches of Professors Fick and 'Vis- 
licenus, and the views put forth by these 
savants have been brought under critical 
scrutiny in later obseryations upon the ex- 
penùiture of force by celebrated peùestri- 
ans. Prof. Flint had a hand in this work, 
and, after the publication of Dr. I)avy's ex- 
periments upon Pel'kins anù \Yeston in 
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London, he reviews the whole subject for 
the purpose of determining how the ques- 
tion stands at present. The problem is so 
important that we print an article giving a 
compact presentation of his reasonings and 
conclusions; but those who desire to be- 
come familiar with the complete inquiry 
will find the volume indispensable. 


THE KABALA: OR, THE TRUE SCIENCE OF 
LIGHT; an Introduction to the Philosophy 
and Theosophy of the Ancient Sages, to- 
gether with a Chapter on Light in the 
Vegetable Kingdom. By S. PANCOAST, 
M. D. Pp. 304. Philadelphia: J. M. 
Stoddart & Co. Price $2. 
THERE is an old mystical Jewish tradi. 
tion in regard to occult meanings of Script- 
ure which is called the Kabala. An amaz- 
ing amount of learned ingenuity has been 
expended upon it, and many books written 
of kabalistic lore, designed to solve these 
enigmas, and bring out their mysterious 
meanings. It has been held, indeed, that 
the Kabala is nothing less than a profound 
science, which, if opened up, would explain 
numberless hidden things in regard to proph- 
ecy, Scriptural interpretation, theosophy, 
and the order of Nature itself. 
Dr. Pancoast calls his book the Kabala, 
and says he has been working at it for thirty 
years, and has found the keys that open its 
mysteries; and he says, furthermore, that it 
is a great thing, and is all that has been 
claimed for it. K or does he suppose that its 
benefits are to be confined merely to the ex- 
planations of old riddles, or the development 
of a fruitless philosophy; he holds its results 
to be of a very practical kind in influencing 
znpdern opinion. One of these important 
advantages is stated to be that" a just ap- 
preciation and knowledge of the Kabala 
would stop infidelity, that is defiantly stalk- 
ing through the world, uprooting, tearing 
down, razing, actually burying faith in God 
and his salvation." So potent an instru- 
mentality is certain to be well appreciated, 
but expectation is dampened when we are 
informed that this book is not designed to 
contain the presentation that will work such 
important effects. Dr. Pancoast proposes, 
therefore, to make another, saying, "'Y e 
have in contemplation the publication of a 
large, full, candid exhibit of what the Kab- 
ala is, has done, is doing, and shall do for 


the world." If it is to be as efficacious in 
composing men's distracted beliefs as is 
here procJaimed, we say, let the doctor hurry 
up his big book with all dispatch. 
But let nobody buy the present volume 
in the hope of getting any help from it in 
the direction indicated. It is in fact as re- 
mote as possible from any such end. It is 
nothing less than a kind of doctor's book on 
light, which the author proposes to substi- 
tute for pills. He is a collaborator in the 
curious field, cultivated with such brilliant 
but transitory results by General Pleason- 
ton. He believes in the remedial efficacy 'of 
blue light, and prints his book in blue ink; 
but he goes further than General Pleasonton, 
and holds also to the therapeutic virtues of 
red light. He talks a great deal about the 
science of light, and his discourse is quite in 
the Pleas on ton strain. That iS 1 his science 
is his own, and is very much freed from the 
trammc1s and limitations of the common 
kind .of science that goes current in the text- 
books. His view of the luminiferous agent 
is thus stated: "Light is the original source 
of Life. Motion is Life, and Light is the 
Universal Motor. There is no force in 
Nature that is not directly derived from 
Light; the Physical Forces, Attraction and 
Repulsion, with all their modifications, are 
the positive and negative principles of Light, 
acting in matter-they are the objective 
F
rces of Light as they operate in creating 
and dissolving inorganic material forms." 
The author has given us a book full of such 
kabalistic conundrums in the science of 
optics. 


"r HAT WAS HE 
 OR, JESUS IN THE LIGHT OF 
THE KINETEE
TH CENTURY. BV'VILLIAM 
DENTOX. Pp. 259. ,,:-- ellesley w(near Bos- 
ton): The Author. Price, $1. 
THE" light of the nineteenth century," 
in which the author studies Jesus of Naza- 
reth, is the "new light" of spiritism. In 
this light, supplemented with scintillations 
of "psychometry," :Mr. Denton proves (to 
his own satisfaction) that Jesus was a 
" medium" of considerable power-a clair- 
voyant, and a natural healer. In tbe lat- 
ter C'apacity, however, he was hardly the 
equal, in this author's opinion, of a certain 
notorious "magnetic physician" whom he 
names, and whose U testimonials from the 
people" he reproduces. 
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CO
TRIBUTIONS TO NORTH AMERICAN ETH- 
NOLOGY. V 01. I., pp. 3tH, with numer- 
ous Plates. 'Vashington: Government 
Printing-Office. 
FOR many years Prof. J. 'V. Powell, 
geologist in charge of the United States sur- 
veyof the Rocky Mountain region, has made 
the languages of the Indian tribes an object 
of special study, the result being the coUec- 
tion of a large number of vocabularies. 
Having decided to prepare this material for 
publication, he invited the coöperation of 
the Smithsonian Institution, whose collec- 
tions of similar materials are very extensive. 
Prof. Henry, secretary of the Institution, 
promptly consented to place in the bands 
of Prof. PoweU all this material, consisting 
of several bundred MS. vocabularies, to- 
gether witb voluminous grammatical notes 
on the dialects of the Indians throughout 
the greater part of North America. This first 
volume of the" Contributions" is made up 
of two parts, the first, by William H. DaU, 
treating of the "Distribution, Population, 
Origin, and Condition, past and present, of 
the Native Races inhabiting our Extreme 
Northwestern Territory;" and the second by 
Dr. George Gibbs, on U The Indians of West- 
ern Washington and Northwestern Oregon." 


A MANUAL OF HEATING AND VENTILATION. 
By F. SCHUMANN, C. E. Pp. 89. New 
York : Van Nostrand. Price, $1.50. 
THE design of this manual is to furnish 
to the hand of the engineer and the archi- 
tect, in such shape as to be fitted for prac- 
tical application, the formulæ and data ne- 
cessary for computing the dimensions and 
determining tbe other conditions of heating 
and ventilating appliances. A manual of 
this kind is simply indispensable to the pro- 
fessions for whose use the work was com- 
piled. 


Å MAYUAL OF IYORGAYIC CHEMISTRY. Vol. 
II. The Metals. By T. E. THORPE, Ph. 
D. Pp. 406. New York: Putnams. 
Price, $1.50. 
THE properties and combinations of the 
metals are here fully and clearly described, 
the text being very efficiently supplemented 
by numerous weB-executed wood engrav- 
ings. The volume belongs to the excellent 
U Advanced Science Series," published si- 
multaneously in Glasgow and New York. 
YOLo XII.-48 
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THE Bulletin of the Nuttall Ornithologi- 
cal Olub has been enlarged, the number of 
pages being now 48, whereas formerly it 
was only 24. It is gratifying to observe 
this sign of prosperity, and we have no 
doubt that the Bulletin i:; now on the high- 
road to a3sured success. It is eminently 
deserving of support from all lovers of the 
delightful branch of zoölogical science to 
which it is devoted. The Bulletin is edited 
by :Mr. J. A. Allen, with the active assist- 
ance of Prof. S. F. Baird, and Dr. Elliott 
Coues, and the foremost ornithologists of 
the United States are frequent contributors 
either of set al,ticles, or of brief notes of ob- 
servation. For the scientific ornithologist, 
no less than the amateur, it is indispensa- 
ble. Subscription, $2 a yea.r. Address, 
Ruthven Deane, Cambridge, Mass. 


THE SIL YER CO'GNTRY, OR THE GREAT SOUTH- 
WEST. By A. D. ANDERSOS. Pp. 221, 
with :Map. New York: Putnams. Price, 
$1. 75. 
THE "Great Southwest" of this author 
is tbe " New Spain" of the period of Span- 
ish power in America. In successive chap- 
ters the author describes the phy:;ical and 
political geogl'aphy of this region; its wealth 
in silver and gold; other wealth tban the 
precious metals, i. e., its agricultural pro- 
ductions, luxuries, and attractions, with sec- 
tions on such topics as facilities for acquir- 
ing wealth, scenery, and wonders, antiqui- 
ties, etc.; foreign commerce of Mexico; 
advance of railways. Finally, there is a very 
full bibliographical chapter on the "authori- 
ties" whose works have been of service in 
collecting materials for the work. 


.A GUIDE TO THE DETER:M:IYA TIOY OF ROCKS. 
By EDwARDJAKNETTAS. Translatedfrom 
the French by GEORGE 'V. PLYMPTON, 
C. E., A.:Y. Pp. 161. New York: D. 
Van Nostrand, 1877. Price, $1.60. 
THIS is a plain, brief, but comprehensive 
introduction to the study of the more com- 
mon rocks, and of the minerals of which 
they are composed. The English synonyms 
for the rock-names are from Von Cotta's 
" Rocks classified." 
Part III., giving the method to be fol- 
lowed in the practical determination of 
rocks, will be found of especial value to 
beginners. 
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A SYSTEM OF VOLUMETRIC ANALYSIS. By Dr. 
EMIL FLEISCHER. Translated from the 
German by Prof. Pattison Muir. Pp. 
274. Macmillan & Co. Price, $2.50. 
THERE are two methods of chemical 
analysis, when the operation is carried to 
its highest result for the purpo
e of estab- 
Hshing quantities in chemical composition. 
The first, and older method, is that by weigh- 
ing; it involves the use of the balance, and is 
called the gravimetric method. The second, 
and newer mode, is by measurement of bulk; 
instead of the balance, it employs the bu- 
rette, a graduated glass tube, and it is called 
the volumetric method. There al'e certain 
advantages in the newer process which 
are becoming more marked as it is more 
practised and developed. The superiority 
c1aimed is greater simplification and quick- 
ness of operation, with an equal and some- 
times a greater degree of accuracy. Dr. 
Fleischer's treatise has been translated into 
English because it is a systematic work upon 
the subject, accepted as a standard in Ger- 
many, and believed to be much better for 
students than any original contribution to 
the subject in our own language. The pres- 
ent transitional state of chemical science, in 
regarà to theories and the modes of expres- 
sion that fonow them, is well illustrated by 
the fact that the author of the book adopts 
the old notation, while his translator adopts 
the new. The consequence is, that both 
methods [\,re given, which is a good feature 
of the work, and the translator thinks that 
the putting of the two notations, side by 
side, will be useful as disclosing the superi- 
ority of the newer plan. 


PHILOSOPHIC IDEAS. Bv J. WIUISHrRST. 
Pp. 131. Boston: èolby & Rich. 
THE precise nature of this author's 
"philosophic ideas" may be inferred from 
his highly-satisfactory explanation of New- 
ton's law of gravitation. "Why," he asks, 
"does matter tend to approach other matter, 
and why should it approach with constantly 
accelerating speed?". And his answer is: 
"This action is the necef:sary outflow of the 
deific attributes essential to matter. Its 
love and intelligence are shown in approxi- 
mating, so that it can mutually impart and 
receive more of each otherts beautiful and 
pleasing varieties of motion by sympathetic 
action." And so on. 


TENTH ANNUAL REPORT OF THE PEABODY 
MUSEUM OF AMERICAN ARCH.ÆOLOGY AND 
ETHNOLOGY. Cambridge, 1877. Price, 
$1. 
BESIDES the report of additions made to 
the museum and library in 18'16, which 
were large and valuable, this volume con- 
tains reports of explorations in American 
archæology, made by Dr. Charles C. Ab- 
bott, Prof. K. S. Shaler, Prof. E. B. An- 
drews, and Lucien Carr, Assistant Curator; 
also, an elaborate paper, by Ad. F. Bande- 
lier, "On the Art of lVar and Mode of 'Var- 
fare of the Ancient Mexicans." 
Dr. Abbott's report is specially interest- 
ing, as containing an account of his discov- 
eries of rude stone implements in the drift- 
gravels of the Atlantic border in New Jer- 
sey. These implements were found.at various 
depths, mingled with the gravels, near Tren- 
ton and along the banks of the Delaware. 
In the opinion of both Dr. Abbott and Prof. 
Shaler these gravels are of glacial origin, 
and the implements obtained were wrought 
by man, who inhabited the region at the 
close of the ice age, or during interglacial 
periods, where the climate favored their ex- 
istence. 
This is in striking accord with the pre- 
viously-expressed views of Prof. Grote, who, 
in a paper read at the Detroit meeting of the 
American Association in 1875, and later in 
an address entitled "Early Man in North 
America," published in this Journal for 
March, 187'1, takes the ground that man 
lived here during the glacial period. In 
this address, alluding to the implements 
discovered by Dr. Abhott, he fays: "To 
me it seems clear that the men who used 
these rough tools dwelt on the edge of the 
glacier, and their implements have become 
buried in the moraines 'which were forming 
at many diffel'ent points during the ice pe- 
riod. " 


THE RELATIO
S OF PAIN TO WEATHER. By 
S. 'VEIR MITCHELL, M. D. Pp.25. PhiJa- 
delphia. 
DR. MITCHELL'S reputation as an original 
investigator will secure for this paper care- 
ful attention. It was first published in 
the .American Journal of ,j[edical Sciences 
for April, 187'1, being a study of a case 
of traumatic neuralgia, considered espe- 
cial1y in its relations to atmospheric con- 
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ditions. This is probably the fil'st attempt 
to study the subject in so thorough and sys- 
tcmatic a manner as was done in the instance 
given. The observations extended through 
a period of three years, and fully justify the 
conclusion that neuralgic conditions have a 
close and very direct relation to atmospheric 
states or changes. Precisely what condi- 
tions of the atmosphere excite neuralgic pain 
is by no means determined. Dr. Mitchell 
says, "Either it is the combination (of con- 
ditions) which works the mischief, or else 
there is in times of storms some as yet un- 
known agency productive of evil." 


A REVIEW OF THE BIRDS OF CONNECTICUT. 
By C. HART MERRIAM. New Haven: 
Tuttle, ::Morehouse & Taylor, 1877. 
Tms catalogue of 165 pages is from 
No. 4 of the" Transactions of the Connecti- 
cut Academy," 1877, and is a valuable ad- 
dition to the ornithology of New England. 
'Ve are informed by it that 291 species of 
birds are found in the State. These are 
grouped in 47 famiJies. Of these the sci- 
entific and common names are given, with 
copious notes on their habits and charac- 
teristics: 135 species are summer residents, 
90 species are migratory only. The now 
familia
 English sparrow is found in most 
parts of the State, and, so far as the author 
is aware, was first introduced into New 
England in the fall of 1858. At that time 
six birds were liberated in a large garden 
at Portland, Maine. The catalogue contains 
a list of works relating to New England 
ornithology, and is thoroughly indexed. 


THE GLACIAL PERIOD IN TilE SOUTHERN 
HE1USPHERE. By THmus BELT, F. G. 
. 
London, 1877. 
IN thi
 pamphlet )11'. Belt presents many 
facts to show that extensive glaciation oc- 
curred in the Southern as well as in the 
Northern IIemi-sphere. It occurred in the 
southern part of Africa and of Australia, 
extensively in New Zealand and South 
America. His views in regard to elevation 
and subsidence of land in glacial times, and 
the development of ice, filling the beds of 
Northern and Southern oceans, so that the 
drainage of continents was arrested, the 
waters of rivers being "pounded back," 
probably will not be immediately accepted 
by practical geologists. 
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POISONOUS MUSIIROO}!S. By J. OTT, M. D. 
Pp.5. 
THE author's conclusions are that at 
least one species of mushrooms (Agar'icus 
muscm.ius) contains a poisonous alkaloid, 
muscarine, which is probably tbe poisonous 
principle of all noxious mushrooms; and 
that, in cases of mushroom-poisoning, in 
addition to the usual treatment - emetics, 
stomach-pump, purgatives, and gallic acid 
-atropine should be administered subcu- 
taneously. 


:MAP OF THE WHITE MOUNTAINS OF NEW 
HAMPSHIRE, FROM 'V ALLI
G'S MAP OF 
THE STATE. Boston: Publication-Office 
of H. F. Walling, 1877. 
THIS map is drawn to a scale of 2t 
miles to an inch, and comprises the prin- 
cipal part of the 'Vhite Mountain region. 
It gives in detail tbe routes, principal vil- 
lages, streams, and f'levations, ,,,-hich are 
indicated by color, and points of special 
interest accessible to tourists. The topo- 
graphical features are well defined. As a 
pocket-guide for travelers the map is in. 
dispensable. 


THE Young Scienti.st is a monthly mag- 
azine designed to interest young persons in 
scientific subjects, and to familiarize them 
with scientific experiments and habits of 
thought. But, while it addresses mainly a 
juvenile audience, the Young Scientist is 
not in the least puerile, and may be read 
with no little profit by older heads. We 
wish it succesS. New York: Published at 
176 Broadway. Subscription, fifty cents 
per year. 


PUBLICATIONS RECEIVED. 


Compendioue GC'rman-1Inrl-En!!'liE1h Diction- 
ary. By 'YilJiam Dwight Whihwy. New York: 
Henry Holt & Co. Pp.905. $3.50. 
Pottery: now it is mnde. By G. W. Nicholf'. 
With I1IustrationE1. New York: Putnl1ms. Pp. 
142. $1.25. 
The Boy Engineer8. B
r Rev. J. Lukin. Same 
publishers. Pp.344. \nth II1u!'trations. $.175. 
Transmission 
 or. Variation of Character 
through the Mother. Bv G. B. I\:irby. New 
York: S. H. Wells. Pp.68. 2:) cents. 
Geographical 
nrveys we8t of the 10rlh Me- 
ridian. Vol. IV.. Paleontoh'
'y. Lieutenant G. 
'V. 'Vheeler in rhar!!e. Washinctnn: Go\'e:n- 
ment PrintinJ!-Office.. Pr. a65 of Lt'ttel"-pres8 
and numerous Lithographic Plates. 
Transllctiollf' of the American Fi8h ,Cn1turi
ts' 
A

ociation. 1876-'77. New York: J. M. Davis 
print. Pp.131. 
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A Plea for Candor in Bible-Reailing. By a 
Citizen of Jackson. Jackson, Tenn.: J. G. 
Cisco. pp. 44. 
'Yiscon
in Geological Survey. Report for 
the Year 1871. :By T. C. ChamberJain. Madison 
Wis.: D. Atwood print. Pp. 93. ' 
Variations oftheLeaf-Scare of Lepidodendron 
aculøatum. Pp. 15. Also of Certain SigilIariæ. 
Pp. 5, with Plates. By H. L. Fairchild. From 
.. Annals of the New York Acad emy of Sciences." 
Transactions of the American Entomological 
Society. Vol. VI., Nos. 3 and 4. With Plates. 
Philadelphia: The Society. Pp.174. 
Twelfth Annual Report of the Sheffield Sci- 
entific School. New Haven: Tuttle, :?tIorebouse 
& Taylor print. Pp. 53. 
Discovery of Stone Implements in Glacial 
Drift, in North America. By T. Belt. From 
Quarterly Journal of Science. Pp. 22. 
Willard's Metbod of treating Ores. Plymouth 
Mass. : Avery & Doten print. Pp. 15. ' 
BuUetin of the L"niversity of California, No. 
28. Pp. 72. 
.Dental School of Hfl.rvard Univen:ity. Cam- 
bndge: C. W. Lever prlDt. Pp. 9. 
Memo.rl8:1 t
 C.on
ess for the Improvement 
of the MISSISSIppI RIver. St. Louis: J. J. Daly 
& Co. print. pp.38. 
Froward to the Froward. By E. A. Beaman. 
New York: E. H. Swinney. Pp.28. 
Methods of Arithmetical Instruction. By F. 
W. Bardwell. New York: Putnams. Pp. 34. 
15 cents. 
The Glycogenic Function of the Liver. By 
J. Le Conte. From .American Journal of &ience. 
Pp.9. 
Nature and Possibilities of Social Science. 
By P. Burton. Aurora, Ill. : Herald print. Pp.8. 
On a Branch Naval Observatory. By Rear- 
Admiral Rodgers. Pp. 6. . 
The Kírografer and Stenografer lrIonthly. $1 
per year. Amherst, Mass.: J. B. & E. G. Smith. 
Is the Universe governed by 8 Devil? By 

. F. Smith. Oak Lawn, R. I.: Home Pub1ish- 
lDg Co. pp.14. 15 cents. 
Contributions from the Chemica] Laboratory 
of Harvard Colle2'e. By J. P. Cooke, Jr. Pp.132. 
Hereditary Epilepsy. By Dr. E. Dupuy. On 
the Seat of t.he Vaso-Motor Centres. By the 
same. New York: Reprinted from the" Trans- 
actions of the American Neurological Associa- 
tion. " 
Researches into the Physiology of the Brain. 
By the eame. New York: Putnams. Pp.31. 
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Antidpations fonrerning the PlIono- 
graph.-Dr. \Villiam F. Channing, writing 
to the Providence Journal on Edison's pho- 
nograph, thus presents its future: "The 
sheet of tin-foil or other plastic material re- 
ceiving the impressions of sound will be 
stereotyped or electrotyped so as to be mul- 
tiplied and made duraLle. Or the cylinder 
will be made of a material plastic when 
used, and hardening afterward. Thin sheets 
of papier-maché, or of various substances 
which soften by heat, would be of this char- 


acter. Having provided thus for the dura- 
bility of the phonotype plate (a better name 
than phonograph), it will be very easy to 
make it separable from the cylinder pro- 
ducing it, and attachable to Ð. corresponding 
cylinder anywhere or at any time. There 
. will doubtless be a standard of diameter 
and pitch of screw for phonotJpe cylinders. 
Friends at a distance will then sel).d to 
each other phonotype letters, which wiII 
talk at any time in the friend's voice when 
put upon the instrument. How startling, 
also, it will be to reproduce and hear at 
pleasure the voice of the dead! All of 
these things are to be common, every-day 
experiences VI ithin a few years. It wiIl be 
possible, a generation hence, to take a file 
of phonotype letter8, spoken at different 
ages by the same person, and hear the early 
prattle, the changing voice, the manly tones, 
and also the varying manner and moods of 
the speaker-so expressive of character- 
from childhood up! 
"These are some of the private appli- 
<,ations. For public uses, we shall have gal- 
leries where phonotype sheets will be pre- 
served as photographs and books now are. 
The utterances of gl'eat speakers and singers 
wiII there be kept for a thousand years. 
In these galIeries, spoken languages will 
be preserved from century to century with 
all the peculiarities of pronunciation, dia- 
lect, and brogue. As we go now to see the 
stereopticon, we shaH go to public hans to 
hear these treasures of speech and song 
brought out and reproduced as loud as, or 
louder than, when first spoken or sung by 
the truly great ones of eårth. The ease 
with which the pbonotype cylinders may be 
stereotyped or electrotyped and multiplied, 
has been spoken of. Certainly, within a 
dozen years, some of the great singers will 
be induced to sing into the ear of the pho- 
nograph, and the electrotyped cylinders 
thus obtained wiII be put into the hand- 
organs of the streets, and we shall hear 
the actual voice of Christine Nilsson, of 
MiRS Cary, or even of Jenny Lind and AI- 
boni, ground out at every corner! 
"In public exhibitions, also, we shall 
have reproductions of the sounds of Nature, 
and of noises familiar and unfamiliar. N oth- 
ing will be easier than to catch tbe sounds 
of the waves on the beach, the foar of Ni- 
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agara, the discords of the streets, the noises 
of animals, the puffing and rush of the rail- 
road-train, the rolling of thunder, or even 
the tumult of a battle. 
"Edison has recently stated that his 
best instrument will now talk so as to be 
heard at a distance of 175 feet. The con- 
ditions for increasing the sound are so sim- 
ple that there can be no doubt of any de- 
sirable extension in this direction." 


Garden-Schools.-The New York Acad. 
emy of Sciences has twice had under con- 
sideration plans of using the public parks 
for scientific and hygienic pnrposes. One 
of these purposes was the propagation of 
febrifuge trees and plants; the. other the 
use of part of these public grounds as gar- 
den-schools. 
This latter project is to be commended 
for various reasons: As education becomes 
general, schoolhouses cannot contain an 
the scholars. The present school-crowding 
already necessarily generates or propagates 
among the pupils various epidemic and 
other dh;eases. The shutting of the chil- 
dren in class-rooms when the sun shines, 
and the air is bracing, is producing leuc- 
æmic affections. The eyesight is impaired 
by concentration on books; and the train- 
ing of the mind to the exclusion of the ex- 
ercise of the senses, and of the other active 
functions, isolates the child from the real 
world, and feeds him on abstractions which 
predispose to several forms of insanity. 
On the other hand, open-air life. study, 
and exercise, invigorate all the tissues, or- 
gans, and functions of the body. 
Tbe plan of such garden-schools must 
vary, of course, for each locality. For the 
city of N ew York, as presented to the Acad- 
emy of Sciences by Dr. E. Seguin, and by 
the Academy to the mayor, it would be 
somewhat as follows: A part of each of tbe 
small parks would be planted with speci- 
mens of ornamental, edible, medicinal, tex- 
tile, and other plants, where groups of chil- 
dren could go with their teachers to breathe 
and learn. 
In the Central Park large tracts would 
be devoted to indigenous and exotic plants, 
to zoölogy and ichthyology, mineralogy, 
and specimen sections of American geology, 
hydrology, etc. The public-school pupils 
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would visit these places with their teachers; 
and, when the weather happened to be un- 
favorable, they could find shelter in the 
public libraries, museums of painting and 
natural history, which fringe the park, and 
where they could continue their studies of 
Nature. 
In a word, the schoolhouse must be used 
only when it cannot be helped, the rules 
of phJsiological education needed by a free 
people, being : Never to teach in-doors what 
can be learned out-doors; never to explain 
in the abstract wha.t can be demonstrated 
in the concrete; never to teach with books 
what can be perceived in objects; never to 
teach by images when Nature itself is at 
hand; never to show dead Nature when 
living Nature is obtainable; and never to 
require belief where seeing and understand- 
ing are possible. New York's beautiful 
Central Park might thus be made an edu- 
cational establishment of the highest value. 
In the Kew Gardens at London, seventy-five 
acres are given up to the students, without 
at aU impairing the beauty of the landscapp. 
The same might be said of the Gardens 
of AccJimation of London, Paris, Algiers, 
Calcutta; of the Botanical Gardens of Mont- 
pellier, Brussels, Geneva, which are partly 
schools and partly pleasure, grounds. In 
this respect we are sadly behind. Once 
reminded that our parks have been created 
"equally for the enjoyment of the public, 
and for the education of the children," our 
pub1ic authorities, it is to be hoped, wiU 
realize the need of preserving them for their 
original purposes, and so improving them 
that they may every year become more and 
more indispensable to our citizens. 



('W Fossil Rrl)tiles.-In addition to the 
remarkable Jurassic reptiles recently de- 
scribed by Prof. Marsh from the Rocky 
Mountains, several others are announced 
by him in the March number of the Ameri- 
can Journal of Science. One of these, a gi- 
gantic Dinosaur (Atla1úosaurus irnrnanis), 
was much larger than any land-animal, re- 
cent or fossil, hitherto described. The fe- 
mur of this monster was over eight feet 
(2,500 millimetres) in length, and the other 
remains preserved are equally huge. If 
this reptile had the proportions of a croco- 
dile, it must have been over a hundred feet 
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long! It was certainly gigantic enough to 
entirely disprove the theory, generally ac- 
cepted, that the elephant is as large as any 
animal can be that moves upon the land, 
for the bulk of this reptile must have been 
at least three times that of any known 
Proboscidian. 
Among the other Dinosaurs described in 
this paper is ,jIorosaurus impar,. another 
herbivore belonging to the same family, 
and about twenty-five feet in length, and 
Creosaurus atrox, its carnivorous enemy, 
nearly as large, each representing a new 
genus. Two small species, belonging to the 
new genus Laosaurus, are also described. 
The huge herbivorous Dinosaurs, from the 
American Jurassic, represent, according to 
Prof. ?tlarsh, a well.marked family, the At- 
lantosauridæ, which have but three or four 
vertebræ in the sacrum, five well-developed 
digits in each foot, and the hind-feet ungu- 
late and plantigrade-characters not before 
found in Dinosaurs. 


Trees and BeaUb.-Certain observations 
made by a correspondent of the Cltemical 
News are deserving.of the attention of sani- 
tarians. According to him, the cantonment 
of Goruckpoor, in Northwest India, though 
situated near the forest and in the neigh- 
borhood of a large swamp, was thirty years 
ago considered a healthy station. A large 
grove of mango-trees existed between the 
swamp and the station. For some reason 
this grove was cut down, and the station be- 
came unhealthy. Again, the civil station of 
Futtehpoor is situated between Allahabad 
and Cawnpoor, in an arid plain., but near a 
pretty extensive marsh. This place was con- 
sidered extremely unhealthy, until the ma- 
gistrate planted between tlte station and the 
swamp a belt of quick-growning babool-trees. 
As tbe trees grew, the place became much 
less unhealthy. In these two cases the trees 
appear to have acted as a screen or filter, 
protecting the population from tbe effects 
of the malaria generated in the swamps. It 
may be added that it would be difficult to 
find trees more dissimilar in foliage than 
the mango and the babool. "Is it not prob- 
able," asks the author, " that where benefi- 
cial effects have followed the planting of the 
eucalyptus, the same may be due as much 
to the screen which the plantation has inter- 


posed, as to any peculiar action of, or ex- 
halation from, the leaves or stern of the 
tree?" Referring to the changes produced, 
as regards salubrity, at the Trappist monas- 
tery of Tre Fontane, near Rome, which 
changes have been ascribed to the peculiar 
virtues of the eucalyptus, the author calls 
attention to the fact that the deep ploughing 
of the soil and the removal of seven hun- 
dred cart-loads of human bones from the 
precincts of the monastery may perhaps be 
credited with some share in producing the 
change. So, too, the eucalyptus-trees may 
have served, in this case also, as a screen. . 


(arniv01'ons Plants.-:Yr. Francis Dar- 
win, in a paper entitled" The Nutrition of 
J)'ì"osera rotundifolia," describes a series of 
experiments made by himself to determine 
whether or not insectivorous plants profit by 
their carnivorous habits. With this object 
two hundred plants of J)rosera 'j'otundifolia 
were transplanted (June 12, 1877) and culti. 
vated in six soup-plates filled with moss dur- 
ing the rest of the summer. The area of each 
plate was equally divided by a low wooden 
partition, one side being destined for the 
plants to be fed with meat, the other for 
those to be starved. Access of insects was 
prevented by inclosing the plants in a gauze 
case. The method of feeding consisted in 
supplying each leaf (on the fed sides of the 
six plates) with one or two small bits of 
roast-meat, each weighing about one-fiftieth 
of a grain, every few days. On July 17th 
it was evident that the leaves on the ., fed" 
side were of a distinctly brighter green, 
showing that the increased supply of nitro- 
gen had allowed a more active formation of 
chlorophyll-grains to take place. From this 
time forward the" fed" sides of the plates 
were clearly distinguishable by their thriving 
appearance and their numerous tall and stout 
flower-stems. On August 7th the ratio be- 
tween the number of " starved" and "fed" 
flower-stalks was 100: 149.1. And on com- 
paring the number of sterns actually in flow- 
er, it was clear that the starved plants were 
losing the power of throwing up new flower- 
sterns at an earlier date than their rivals. 
In the middle of August the leaves were 
counted in three plates, and were found to 
be one hundred and eighty-seven on the 
starved and two hundred and fifty-six on 
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the fed side. The seeds being ripe at the 
beginning of September, all the flower- 
stems were gathered, and the plants of 
three plates were picked out of the moss 
and carefully washed. The other three 
plates were left undisturbed: the relative 
number of plants whicl\. will appear in the 
spring on their "fed" and " starved" sides 
will be a means of estimating the relative 
quantities of reserve material stored up. 
Mr. Darwin gives in the following table the 
results of counting, measuring, and weigh- 
ing, the various parts of the two sets of 
plants: 
Ratio between the number of starved 
and fed plants... ...... .......... 100: 101.2 1 
Ratio between weights of the plants e
- 
clU8ive of flower-stems..... .... .. 100: 121.5 
Total number of flower-stems........ 100: 164.9 
Sum of the heights of the flower-stems 100: 159.9 
Total weight of flower-stems.... ..... 1(10: 231.9 
Total number of capsùles. ........ .... 100: 194.4 
Åverage number of seeds per capsule.. 100: 122.7 
Average weight per seed............. 100: 157.3 
Total calculated number' of seeds pro- 
duced . . . . . . . . . . . . . . . . . . . . . . . .. . . 100: 241.5 
Total calculated weight of seeds pro- 
duced .... .... .... .... .... . ... ... 100: 379.7 


New Process or Sngar-Jlanuractnre.- 
:Mention is made in the Revue Scientijique 
of a new process for sugar-manufacture, in- 
vented by Prof. Loewig, of Breslau, which 
greatly simplifies the work. Instead of using 
lime to defecate the liquor, then having re- 
course to a double carbonization by car- 
bonic acid, with a view to eliminate this 
lime in the shape of lime carbonate, and 
lastly filtering the carbonated liquor through 
animal charcoal- processes which alJow 
about one-third of the beet-sugar to be 
transformed into molasses.-Loewig simply 
adds to the crude liquor hydrate of alumina 
which he has discovered the means of pre- 
paring on the large scale. This hydrate of 
alumina retains the coloring albuminoid and 
nitrogenized matters, forming with them a 
black scum which is removed. All that 
remains to be done is to concent.rate the 
almost absolutely pure sugary liquid which 
remains. If this process proves successful, 
it will revolutionize the sugar-manufacture. 


Intensity of Different tolored Llght!':.- 
Prof. O. M. Rood describes, in the American 
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Journal of Science, a simple method devised 
by him for comparing the intensities of light 
of diffel.ent colors-a problem that has long 
bern considered one of the most difficult in 
photometry. To measure the luminosity of 
vermilion, for example, he attaches a cir- 
cular disk of vermilion cardboard to the 
axis of a rotation apparatus, a smnner cir- 
cular disk of black-and-white cardboard 
being simultaneously fastened in the same 
axis, so that by varying the relative propor- 
tions of the latter a series of grays might 
be produced at will. First the compound 
black.and-white di:sk is so arranged that, 
on rotating the machine, a gray decidedly 
darker than the vermilion is produced. Tben 
tbe gray is gradual1y lightened, till the ob- 
server becomes doubtful as to which is the 
more luminous, the gray or the vermilion; 
the angle occupied by the white sector is 
then measured. Next, a decidedly more lu- 
minous gray is compared with the vermilion, 
and its luminosity gradually diminished tiU 
again there is doubt as to which of the two, 
the gray or the vermilion, is the more lu- 
minous; and then, again, the white sector 
is measured. The mean of ten such experi- 
ments showed that when the luminosity of 
both disks was the same, the white sector 
of the black-and-white disk was 23.8 of its 
whole area, and hence that the luminosity 
of the vermilion cardboard was in the same 
ratio, namely, 23.8 per cent. to white. 
Proper allowance was made by Prof. Rood 
for the amount of white light reflected by 
the black disk. The relative luminosity of 
other colors may, of course, be ascertained 
in the same way. 


Causes of the fhinfst' Famint'.-Accord- 
ing to a correspondent of the London Spccta- 
t01", Frederick H. Barbour, the famine now 
prevailin
 in the northern provinces of China 
be
an in the faB of 187:5. Its immediate 
cause was the long absence of rain, but the 
phenomenon to which it was and 8tiH is 
primal"ily due is the gradual dp
iccation o.f 
the vast plains of Chi-Ii and Shang-Tun
, 
a process which, commencing in the tahle- 
lands of Central Asia, has now reached 
the densely-peopled northern provinces of 
China. 
Ir. Barbour has for the last two 
years been in constant communication with 
the famine.stricken districts, and the letters 
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he receives convey appaIling intelligence. 
U Fancy," says he, "a tract of country 
larger than thirteen Switzerlands a prey to 
want that it is wellnigh impossible to re- 
Jieve. The people's faces are black with 
hunger; they are dying by thousands upon 
thousands. 'Vomen and girls and boys ate 
openly offered for sale; when I left the 
country, a respectable married woman could 
be easi1y bought for six dollars, and a little 
girl for two. In cases where it was found 
impossible to dispose of their children, par- 
ents have been known to kill them, sooner 
than witness their prolonged sufferings, in 
many instances throwing themselves after- 
ward down wells, or committing suicide by 
arsenic. . . . The population f;ubsisted for 
a long time on roots and grass; then they 
found some nourishment in willow-buds, 
and finally ate the thatches off their cottages. 
The bark of trees served them for several 
months, and last July I received specimens 
of the stuff the unhappy creatures had been 
by that time reduced to. The most harm- 
less kind was potato-stalks, tough, stringy 
:fibres, which only the strongest teeth could 
reduce to pulp. The other description was 
red slate-stone." 


the result that the amount of theine in these 
varies very little-from 2.0B to 2.44-and 
that it increases regularly, with one excep- 
tion, with the quality of the tea; while the 
amount of ash given by each kind regularly 
decreases from 6.1 to 5.7 per cent. from the 
highest to tbe lowest grade. These differ- 
ences, however, being very small, Markovni- 
koff supposes that the quality of tea depends, 
not at all or only a very little, upon the 
amount of theine, and far more on the quan- 
tity of tannic acid and aromatic oils it con- 
tains; but that, on the whole, teas made 
from younger leaves contain more theine' 
than those from older leaves. 


Do Lightning-Rods attrad 1-The old 
dogma that a lightning-rod no more attracts 
electricity than an umbrel1a attracts rain, is 
not strictly exact-for, while the umbreUa 
has no influence on the course of the de- 
scending rain-drops, it is certain that the 
presence of a conductor very materially 
changes the earthward CO'.lfse of the electric 
fluid. The Vice-President of the British 
Meteorological Society, Dr. R. J. Mann, in 
a letter to the London Times, states as fol- 
lows the rationale of the action of lightning- 
rods in protecting buildings: 


U A conductor in the near pre
ence of 8 
charged thunder-cJoud becomes inductively ex- 
cited, a very strong charge of the opposite kind 
of electricity to that in the cloud being drawn 
to the top of the rod. When this Etate of things 
has been brought about, there certainly is n 
stronger tendency for a spark or flash to pa88 
across the intervening air-gap than there would 
be in the absence of any 8uch inductive disturb- 
ance. The electricians who sUB hold this view 
[namely, that the 1ightning-rod's attraction is 
equal to the' attraction' of an umbreUa] would, 
nevertheless, hesitate to carry their argument 
home to its ultimate conclusion by saying that 
there is no attraction bet.ween the outer and the 
inner coating of a Leyden-jar immediately be- 
fore the electric forces shatter the glaEiB to effect 
the discharge of the jar. It is indeed almost un i- 
versaUy held that the charge of a Leyden-jar is 
chiefly due to the attraction of the severed elec- 
tric forces exerting themselves to unite through 
the insulating barrier of the gIaBs. The charge 
in the outer coating of the jar comes up from the 
earth under what, in familiar terms, can hardly 
be called anything else but the' attraction' of 
the inner charge." 


Proportion of Theint' in Different Kinds 
of Tea.-It was some time ago asserted by 
Claus, as the result of his analyses of differ- 
ent grades of tea, that the lower the grade 
of tea the higher is the proportion of the 
alkaloid theine it contained. Thus, accord- 
ing to this author, the brick-tea used in 
Mongolia and Siberia, which is made up of 
aU sorts of refuse, as dead leaves, stalks, 
and the like, contains far more theine (about 
3.5 per cent.) than the higher qualities (in 
which the proportion found by him was from 
1 to 1.3 per cent. only). Very different re- 
sults have now been obtained by another 
chemist-Jlarkovnikoff,ofMoscow. Having 
made a series of analyses of one kind of 
tea by the various analytical methods hith- 
erto in use, he is able to point out the de- 
ficiency of these methods. For instance, 
ether extracts only one-third of the whole 
amount of theine in a sample of tea, and 
benzole only one-quarter. Using, therefore, 
a more perfect method. and analyzing six (ooking.-Nothing, probably, bas more 
kinds of tea-some of the very highest, oth- direct influence over our physical and moral 
ers of the very lowest grades-he arrives at I wen-being than the preparation of the food 
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we eat, and it is not too much to suppose 
that a proper knowledge of the culinary 
art would! if tolerably wide-spread, do not 
a little to diminish crime and drunkenness. 
Now that ladies are to be admitted with- 
out let or hinderance to all the degrees of 
the University of London, we hope the Sen- 
ate will see fit to add "cooking" to the 
list of subjects for the B. Sc. Science in 
the kitchen has long been a desideratum, 
and cooking has not hitherto been regarded 
really as a branch of chemistry, and, as 
such, an ennobling occupation. The Eng- 
lish of all classes have everything to learn 
on this subject, and even the very best of 
our cooks seem to go right rather by intui- 
tive talent than by any exact knowledge 
which they may possess. In the cookery- 
book of the future, however, we may hope 
to see milligrammes, cubic centimetres, and 
degrees of Celsius, replace the less exact 
measurements to which cooks have been 
accustomed, and then, perhaps, success in 
cooking will become a certainty.-London 
Lancet. 


))istribution of Color in Animals.-It is 
not in the least unusual to observe in do- 
mesticated mammals asymmetrical dish"i- 
bution of color, while in feral animals the 
distrihution is always symmetrical. A num- 
ber of facts illustrating this are cited by 
MI'. J. A. Ryller in the" Proceedings" of 
the Academy of Natural Sciences of Phila- 
delphia. lIe instances the case of a raccoon 
in the collection of the Philadelphia Zo- 
ological Society, in which the variation from 
the typical coloration of the species was 
great. Here the color areas were disposed 
symmetrically in the same manner as in the 
ordinary specimens. The difference was 
only in the shade, this specimen 
eing of a 
rich, brownish yellow, except the tail-rings 
and the lateral bands on the face, which 
were of a considerably deeper hue. The 
nose, feet, and eyes, in the ordinary speci- 
mens, are black, while in this specimen all 
the dp,rmal structnres were of a much 
lighter tint. Again, in a specimen of Lepus 
silvaticus, in the Academy's collection, the 
fur is cream-colored, and very long and 
80ft, but perfectly symmetrical and uniform 
in color. In rats, nearly white, the color 
areas were also found to be very nearly the 
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same on both sides. The same is to be 
said of specimens of Virginia deer. In 
many domestic animals there is a decided 
tendency to preserve the symmetry of the 
ancestral type, but domestication seems to 
be at the bottom of the variability and 
asymmetry of color of animals brought 
under its influence. In conclusion, the 
author summed up the facts as foHows: 1. 
Bilateral symmetry of coloration is inter- 
fered with in some way by domestication; 
2. 'Vhere variation of color takes place in 
feral animals, they are invariably, so far as 
observed, symmetrically colored; 3. It is 
possible that the degree of asymmetry is an 
indication of the length of time that domes- 
tication bas been operative. 


Travels in Formosa..-In the island of 
Formosa the inhabitants of all the level 
country are Chinese. "'ages on the island 
are 20 per cent. higher than in Amoy. 
Opium makes up two-thirds of the value 
of all their foreign imports. Opium-smok- 
ing prevails to an extraordinary extent; but 
a traveler in tbe island, 
Ir. James 1tlorrison, 
affirms that there is not much excess of in- 
dulgence in that habit. The coolies that 
carried bis palanquin always smoked opium 
at night, and continued smoking after he 
had gone to bed; yet they were always 
ready to start before six o'clock in the 
morn in!!" and seemed fresh. A coolie will 
carry twenty miles a day for ten consecu- 
tive days. Smoking in this way costs from 
ten to fifteen cents a day. The daily wage 
of a chair-coolie is seventy. five cents. The 
chair is the usual vehicle for travel in For- 
mosa. Ponies may be used for riding short 
distances, but the numerous rivers, too 
deep to ford, and too rapid to swim, render 
them useless for long journeys. The For- 
mosan chair is very light, but hardly roomy 
enough for the average man of European 
race. It is forty inches long, fort)"-eight 
inches high in the centre, and forty inches 
at the sides, twenty-one inches wide inside, 
with a seat about ten inches high. The 
method of carrying, says Mr. Morrison, is 
simply diabolical. Four men carry, two 
being placed at the ends of the poles, and 
two close to the chair, one in front and 
one behind, the two latter supporting the 
chair by means of cross-pieces or yokes pass- 
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ing over the shoulders and attached to the 
poles by ropes. These ropes are so ad- 
justed that when the men stand still, and 
the chair is loaded, the poles are bent about 
three inches. In carrying, the easy swing 
of the ordinary chair is lost, for, just as the 
Formosan chair is coming down gently, it 
is brought up sbort by the men close to it. 
The motion is exactly the same as is used 
for jigging crushed metallic ores. 


Chinese )Iedicines.-The Chinese phar- 
macopæia contains instructions for prepar- 
ing sundry very curious medicines, as, for 
instance, various animal" wines "-mutton- 
wine, dog-wine, deer- wine, tiger-bone wine, 
snake-wine, tortoise-wine, and so on. These 
"wines" (ehiu) are employed instead of al- 
cohol as a solvent for articles used as medi- 
cines. The mode of preparing mutton-wine 
is described as follows by Dr. D. J. Mac- 
gowan, of Shanghai: The ingredients nre 
one sheep, forty catties (a catty equals Ii 
pound) of cow's-milk wine, a pint of sour 
skimmed milk, eight ounces brown sugar, 
four ounces honey, four ounces fruit of 
dinocarpus, one catty raisins, and about one 
catty of half a dozen other drugs. The 
utensils employed are a large cast-iron pot, 
a wooden barrel (boorher) about two feet 
high, and tapering, open at both ends, a 
smaller iron pot, an earthenware jar; felt 
belts and cow-dung are used for making the 
apparatus air-tight. The boorher is set on 
the large pot, the joining being first calked 
with paper, and then daubed on the outside 
with cow-dung and ashes; the boorher, too, 
is made air-tight in the same way. Then 
pour in the wine, add half the raisins, cut 
or crushed, half the sugar, the milk, and 
the bones of the sheep's legs, from the knees 
down, after breaking them open. From the 
other bones strip all the fat and most of the 
flesh, and hang them inside the boorher 
beyond the reach of the wine. Put in the 
medicines, the honey, and the remainder of 
the sugar and raisins. The earthenware 
jar is then suspended in the centre of the 
bOOl"her, and the smaller iron pot is set on 
top, the joint being made air-tight by paper, 
cloth, and felt bands. A fire is now made 
under the great pot; when the upper pot 
feels warm to the touch, fill it with cold 
water. 'Y"hen this water is too hot to touch, 


it is ladled out, and the pot filled again 
with cold water. When this in turn be- 
comes hot, the fire is slackened, the upper 
pot taken off, ana the earthenware pot, 
which is now found to be full of a dirt}.- 
brown liquor, is taken out, the liquid poured 
off, the vessel replaced, and the upper pot, 
filled with cold water, again set upon the 
tor of the boorher. 'Yhen the water on 
top is again heated, the whole operation is 
completed. The earthenware pot is now 
again found to be about half full, and its 
contents are poured off, allowed to cool, aD(
 
put up in jars. 


[tiUzation of 'Blast. Fnrnare Slag.- 
Within a few years great progress has been 
made in the utilization of blast-furnace slap', 
and that material is now applied in many 
ways with great advantage. Thus, slag 
" sand" is employed for making concrete, 
building-bricks, mortar, and cement; slag 
" shingle" for concrete, also for roadways; 
slag" wool" for covering steam-boilers and 
pipes, ice-houses, etc., also for filtering-pur- 
poses; blocks of slag-concrete are used for 
paving, for curbstones and the like; finally, 
by BI'itten's process, slag is used in the man- 
ufacture of glass for roofing, and for other 
purposes not requiring pure glass. In mak. 
ing building-bricks of slag, the slag-sand is 
mixed with selenitic lime, with the addition 
of iron oxide, and pressed in moulds. The 
cement is made from the slag-sand, common 
lime, and iron oxides. It is little inferior to 
Portland cement in strength, while it does 
not cost one-fourth as much. The concrete 
made from this cement, mixed with the 
U shingle," is an excellent conglomerate for 
use in mono1ithic structures. It is stated 
by Mr. Charles 1V ood, in a paper read be- 
fore the British Iron and Steel Institute, 
that" it took two good men, with steel bars 
and sledge-hammers, as much as four days 
to cut through a wall of this concrete about 
twenty-six inches thick." Mr. 'Vood exhib- 
ited to the Institute bottles of slag-glass, 
also specimens of slag-wool. The latter 
product, according to Mr. Wood, is ob- 
tained as follows: Å jet of steam is made 
to strike a stream of molten slag as it falls 
into the slag-bogies or wagons. This jet 
scatters the molten slag into shot, and as 
each shot leaves the stream it carries a fine 
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some bones set like a ring and staple, and, 
at the end of these bones, long fleshy ap. 
pendages, which, on being waved about, 
look as if they were alive. " The fish darts 
at the supposed morsel, and is at once in- 
gulfed in the huge jaws of the angler-fish, 
which, but for this remarkable apparatus, 
would be scarcely able to support existence, 
as it is but a sluggish swimmer, and yet 
needs a large supply of food." There arc 
different modes of catching fish, and the 
Tile lUecbanics of Natnre.-The Rev. J. capture by rod and line is curiously antici- 
pated by the worm known to naturalists 
G. Wood, author of several popular works 
as Nemerles Borlasii, which can extend it. 
on zoölogy, has lately published a volt.me 
self, some say, to ninety feet, and looks, as 
entitled U Nature's Teachings," which is 
Kingsley has said, a mere knotted lump, 
intended to show that nearly everyone of 
man's mechanical inventions has been an. small enough to be put in a dessert-spoon. 
t .. t d b N t F t . f th The little fish that chances to touch this 
IClpa e y a ure. rom a no ICe 0 e". f I , . h " h 
k . E 1 . h . I 1.' slimy tape 0 lvmg caoutc ouc as no 
wor III an ng IS Journa we copy a Jew . . u, , 
. t f h . t . th t h chance of escape, for he IS bemg played 
ms ances 0 uman Inven Ions a ave I . .. . . 
th . t t . tl . I ld All d wIth such a fishmg-Ime as the skill of a W d- 
ell' pro 0 ypes III Ie amma wor. u . . " 
. t th .. I b . h tb 1 '1.' b t son or a Stoddart never could Invent, The 
mg 0 e prmCIp e on w lC e he. oa .. . . . 
'.J.' d M 1 'T d b th t " th prIllCIple of the balted trap IS Illustrated by 
IS lorme, r. rf 00 0 serves a e. . , 
f th t h . h dh t th . b carmvorous plants lIke the Venus s fly trap 
eggs 0 e gna ,w IC a ere oge er y a . 
I t " t . d . d b . d of the Carolmas, and the Drosera or sundew 
g u mous coa mg, are arrange Sl e y Sl e . . . 
t l" th fi f b t th t th of England, and the prmCIple of the sprmg- 
so as 0 10 I'm e gu re 0 a oa; a e .. 
1 . f th b t I 'c b t I t . d trap by the jaws of the dolphm. DefensIve 
mes 0 e es he- oa s are a mos I en. .. . 
t . I . th th f th t b t d th t armor in its several varIeties IS strikingly 
Ica WI ose 0 e gna - oa ; an a 
b th th f . ht ' th illustrated by the protection afforded in 
o possess e power 0 rJg mg em- 
I . f . d " M ' XT d b th many instances by Nature, and Mr. Wood's 
se ves 1 capSIze . r. If 00 0 serves e . ... 
. . I f th . fi h ' t . 1 fi d treatment of thIS branch of hIs subJcct WIn 
prmCIp e 0 e screw m a :; s al; n s fì 

 remarkable resemblance in the il'On mast be ound of great interest. 
to the quill of the porcupine;' and explains 
how the improvement in the construction 
of iron ships caused by making the outer 
shell double and dividing it into separate 
compartm
nts is exemplified in the skull 
of the elephant. Many of the author's nau- 
tical illustratioBs are curious, and among 
others he points out that the Boy ton life- 
dress is simply a modification of the Phy- 
Balis, "which floats on the surface of the 
ocean like a bubble." The weapons used 
in war have also their prototypes in the 
works of Nature. In a chapter on projectile 
weapons Mr. "rood notices the archer-fish, 
which gains its liTelihood by shooting drops 
of water at flies, and reminds us that the 
same principle was employed, t1lOugh un- 
successfully, on the so-called pneumatic 
railway at Croydon. From the archer-fish 
we may pass appropriately to the angler- 
fish, a creature with an enormous mouth 
and small body. On the top of its bead are 


thread or tail; the shot drops to the ground, 
but the fine woolly fibre is sucked into a 
large tube, and discharged into a chamber. 
This chamber is very large, and is cov- 
ered with fine wire netting. The steam and 
air carry the wooI1y particles an over the 
chamber-the finest into recesses formed 
for the purpose, the heavier into the body 
of the chamber. The wool is of a snowy- 
white appearance. 


How Ants stand Heat and Co1d.-The 
ability of ants to survive exposure to great 
cold or great heat, and submersion in water, 
is shown in a very interesting note by the Rev. 
H. C. McCook, published in the "Proceed- 
ings of the Academy of Natural Sciences" 
of Philadelphia. In one instance, a few 
ants, of the species Formica Penmylvanica 
(the Pennsylvania carpenter-ant) dropped 
out of their nest and fell upon ice, in the 
depth of winter. Forty-eight hours later 
they were alive, being imbedded in the ice 
within the small depressions made by their 
animal heat. They moved about on being 
taken from the ice, and became quite active 
when placed in the closed hand. The power 
of resisting great heat is illustrated by Mr. 
McCook's own observations, as also by a 
quotation from manuscript notes on the 
u Ants of Texas," written by the late Dr. Lin- 
cecum. A community of that highly-inter- 
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esting species, the" agricultural ant" (Jlyr- 
mica molefacíen.'l), was located near a black- 
smith-shop, which had been in operation five 
years. During all that period the smiths 
had built their fires for heating wagon-tires 
on the pavement or flat mound of these ants. 
This occurred, on an average, as often as 
two or three times a week. Frequently, as 
many as nine tires a day had been heated 
upon the mound. After five years of such 
experience, Dr. Lincecum records that he 
saw numbers of ants at work clearing out 
the entrance to their city before the fire, 
that had just been used for heating tires, 
was entirely extinguished. They seemed to 
have learned all about fire, and knew how 
to work around and among the half-extin- 
guished coals without injury. In illustration 
of the third point Mr. :McCook writes as fol- 
lows: 


long enduring, the animal becoming de- 
mented, and wasting away, as its fondness 
for the poison increases to something like 
the opium-habit in man. Dr. Rothrock 
found at :New Camp Grant, Arizona, anoth- 
er plant (Hosackia Pllrshiana) whose effects 
are similar. From Sophora speciosa, another 
poisonous leguminous plant from Texas, 
Prof. H. C. 'Y ood, Jr., has obtained an al- 
kaloid which he names Sopho1.ia, from the 
bean; its effects are not unlike those of the 
Calabar-bean. The Indians of Texas use 
the Sophora-bean to induce an intoxica- 
tion, which lasts from two to three days. 
Half a bean will, it is said, cause intoxi- 
cation, and a whole one may be productive 
of dangerous symptoms. 


The Value of Stientifie Weather-Observa- 
tions.-Three daily observations of weather- 
"LaBt summer (1876) I discovered a formicary phenomena are made at eighty-three sta- 
of mason-ants, apparently 8 variety of F. ruJa, tions of the Central Pacific and Southern 
the fallow-ant. I placed these ante in an artifi- 
cial formicarium, which was insulated in a tub Pacific Railroads and their branches, the 
of water. One night the covering by which the area covered by the observations extending 
formicarium was protected during bad weather through eight degrees of latitude and twelve 
was left off, or removed by some meddler. A degrees of longitude. New observÍl}O'-sta- 
heavy shower fell early in the evening. In the . . .' 
 . 
morning the formicary was flooded; the ants hons are set up III ploportIon as a new hne 
were dead-dead and lying under five inches of of road advances. The records of these 
water, mixed 
p with t
e mortar, which the rain I station8 form the basis of a singularly in- 
had formed wIth the soIl that composed the gal- I teresting and important paper by 1111'. B. B. 
leries. I poured out the water, and set the box R dd' h' h d t t" f th 
in the sun with a forlorn bope that some of the e. mg! w IC was rea 
 a mee mg 0 e 
ants might revive. At noon I chanced to open a Cahforma Academy of SCIences on January 
paper box in which I bad placed a dead female 21st. In illustration of the financial value 
ant of the genus Myrmica. It had fallen into the of systematic observations of this kind, 
tub, where it had been tloating for many hours, the author gives two cases where even su- 
apparently drowned. It was now crawling about . . 
the box alive. Thereupon I visited my dead fal- perficJaI study of the meteorologICal rec- 
low-ants, and found three of them moving about ords would have demonstrated in advance 
in the slush, endeavoring to extricate themselves. the inevitable failure of certain enterprises. 
Another was struggling out of the muddy sedi- For instance in 1869 a large sum of money 
ment in the jar which formed the lower part of ' " . 
the formicary. In short, the greater part of the was expend
d III c?verm
 over some lakes 
drowned ants proved themselves to be veritable near SummIt StatIOn wIth sheds, under 
Noachian8, and survived the flood." which to cut ice for the San Francisco 
market. No sheds of sufficient width could 
Poisonons Legnminous Plants. - Dr. be built that could bear the weight of snow 
Rothrock, of the Academy of Natural Sci- falling at that point, and consequently the 
ences of Philadelphia, calls attention to the undertaking ended in disastrous failure. 
fact that certain leguminous plants exist- The meteorological records of the railroad 
ing in our Southwestern Territories possess companies show that the average rainfall 
poisonous properties. In the vicinity of at this point is OVe/" jive feet! "Keady all 
Fort Gartland, in Southern Colorado, cattle of this falls in the form of snow, and is equal, 
have repeatedly manifested symptoms of if the snow that falls did not become com- 
poisoning, the cause of which bas been I pact or melt, to a bank of snow each win- 
found to be the plant Oxytripis lamberti. tel' of sixty feet in depth!" A similar in- 
The effects of eating this plant appear to be stance of the value of these records is fur- 
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Dished by the experience of the farmers se.t- 1 plates of the bell; the tar, etc., 
hich con- 
tied on the west side of the San JoaquIn. dense on the non-perforated portIons of the 
River. For years they have tried in vain surface trickle down the plates into the 
to raise crops without artificial irrigation. water-tank. It has been found that if the 
That section of the State of California is an perforated bell bas a capacity of 35,317 cu- 
exemplification of the law tbus expressed bic feet, it will suffice for works producing 
by Guyot, that" when a mountain-chain op- 3,531,700 cubic feet per twenty-four hours, 
poses an horizontal wind the air is forced up or in the proportion of 1 to 100,000. 
along the slopes, its vapors are condensed, 
and water the side exposed to the wind, 
while on the opposite slope the same wind 
descends into the valley dry and cloudless." 
The author considers very fully the operation 
of the chief laws of meteorology as applied 
to California in general, and to special locali- 
ties in particular. Âmong the subjects dis- 
cussed by him, we would mention the conflict 
between polar and equatorial winds; the in- 
fluences of the Gulf of California; the com- 
parative rainlessness of the Colorado and 
Mohave Deserts and the Tulare Valley; the 
rainfall in the great valleys and on the 
mountain-sides; the influence of the great 
deserts on temperature and rainfall; why 
the summer temperature of San Francisco 
is so low as it is, the mean tempf'rature of 
summer at the Golden Gate being only 56 0 . 


Properties and Produdion of Doney.- 
There was lately held in New York a con- 
vention of bee-masters from all parts of the 
United States, for the purpos
 of advancing 
the interests of the important industry with 
which they are identified. Among the pa- 
pers read at this convention was one by 
Mr. F. B. Thurber, in which the commercial 
history of honey was given with considera- 
ble detail. The use of honey antedates that 
of sugar, going back many centuries before 
the Christian era l while the general use of 
sugar is of comparatively recent date. There 
are evidences of the high antiquity of sugar 
in China and India l but it appears to have 
been only vaguely known to the Greeks and 
Romans. The art of refining sugar was dis- 
covered by the Venetians in the sixteenth 
century. It is hard to say why the produc- 
Pnrifi
atlon of Illuminating Gas. -The tion of honey should have fallen so far be- 
method in common use for separating from hind the production of sugar. It is in the 
coal-gas foreign suspended matter is found- highest degree healthful and palatable, and 
ed on the principle of condensation by re- its sources are as plentiful and as sure as 
duction of temperature on contact with those of sugar. In America, witbin the last 
water-cooled surfaces, or with water itself. few years, a 'Wonderful advance bas been 
But the liquid globules held in suspension I made in the production of honey, as regards 
in the gas may be condensed by causing a both quality and quantity. 
jet of gas to impinge upon any resisting Honey differs greatly in color and con- 
sul'face, as a leaf of paper, or a plate of sistence. In the recent state it is fluid, but 
metal, and an apparatus for purifying gas on being kept it is apt to form a crystalline 
according to this method has been con- deposit, and to be converted into a soft, 
structed by Messrs. Pelouze & Audouin. granular mass; its color varies, being some- 
The condenser of this apparatu
 consists times white, but usually yellowish 1 and oc- 
mainly of an outer casing with a gas inlet casioually of a brown or reddish tinge. 
at the lower part, and an outlet at the up- When the bees are very young the honey 
per. Suspended within tbe casing is an undergoes less change l and remains nearly 
annular water-tank, in which is balanced a white: in this state it is called virgin honey. 
miniature gas-bolder, or bell, formcd with Ordinary honey is obtained both by pressure 
four circumference-plates, two of which are and by heat. Recently, however, a process 
perforated in rows with small holes, and has been invented by which boney is forced 
two with large holes, the latter being oppo- from the cells of the comb by centrifugal 
site the blank spaces bf'tween the rows of I force, and the combs are then restored to 
the former. The gas from the inlet passes I the hh-es, to be again used by the bees for 
through the central space within the annll- storing their honey. '''"hen honey is ex- 
lar lank, and tsrough the four perforated tracted from poisonous plants, it partakes 
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of their noxious properties. An instance 
of this recently befell a newspaper corre- 
spondent in Armenia. Having drunk some 
honey-sweetened watm' he was shortly after_ 
ward seized with headache, vomiting, cold- 
ness of the extremities, and temporary 
.blindncss, followed by a cataleptic state. 
Inquiry showed that the honey had come 
from the Botum Valley, where hemlock and 
henbane grow abundantly. Mr. Thurber 
. point
 out the singu tar coincidence that 
more than 2,000 years ago Xenophon's soL 
diers met with a similar accident in the same 
locality. 


Beavers in {'olorado.-!tlr. E. A. Barber, 
connected with Prof. Hayden's survey of the 
Territories, in the year 1874 had an oppor- 
tunity of examining, on the banks of the 
Grand River, in Northwestern Colorado, the 
work of n. colony of beavers. His observa- 
tions, as published in the American Natu- 
ra?ist, are highly interesting, and we present 
the substance of them to our readers. lIe 
was first 
pprised of the vicinity of the bea- 
vers by watching a timber-shoot or clear- 
ing scooped out from a willow - brake to 
the water. Through this slide 
Ir, Barber 
passed into a grove of slender willows form- 
i
g a thicket. About ,fifty feet from the 
river was a circular clearing where the ani- 
mals had been at work; here the trees wcre 
larger, and many of them had been cut off 
obliquely within six inches of the ground- 
the logs had been hauled away. Farther on 
larger trees had been felled, which were 
stm lying there, most of them measuring 
six and eight inches diameter, and one at 
least fourteen inches. The wood had been 
gnawed around the circumference, a few 
inches from the base, the deepest cutting 
having been done on the side next the watel', 
so that the tree might fall in that direction. 
"
noticed," writes 
Ir. Barber, "that, wher. 
ever there were trees which had been feUed 
some time past and fanen in the wrong di- 
rection, the newer work had been accom- 
plished, without e},.ception, in a systematic 
manner, an of the logs being cut so as to 
fall toward the dam,. As I passed along 
the bank of the stream, I observed about 
tcn timber-shoots running parallel at right 
angles to the course of the current., and sep- 
arated by about fifteen feet. The larger 


trees had been cut near the water and above 
the dam for the purpose of floating them 
down, to save the labor of dragging from 
the interior. . .. I picked up several chunks 
of wood, six or eight inches in diameter and 
about as much in length, the ends being 
obliquely parallel; these had probably been 
prepared to fill up chinks in the walls of the 
dam. The trees bad been, for the most 
part, cut into sections averaging ten feet in 
length, and the branches and twigs had been 
trimmed off as cleanly as a wood-chopper 
could have done them. Along the banks of . 
the'Vbite River, some weeks before, I no- 
ticed several artificial canals which had been 
dug out in the absence of natural side-chan- 
nels in the river. These were designed for 
floating down logs. One canal was four 
feet in width, seven in length, and several 
feet deep." 


now tbe Spiders spin.-Happening to 
be in the fields during a sunshiny day in 
autumn,. while a gentle wind was blowing, 
the Rev. H. C. 
IcCook, of thE' Philadelphia 
Academy of N aturp.l Sciences, took occasion 
to observe the aëronautic flights of the young 
spiders, whose silken filaments were floating 
from every stalk of grass. He found that 
many of the young ararhnids-mostly of the 
family Lycosidæ, which are ground-spiders- 
selected the tops of the fence-posts as their 
starting-point. Having reacbed this" point 
of vantage," the spider always turned tbe 
face toward the wind. Then the abdomen 
was elevated to an angle of about 45 0 , and at 
the same time the eight legs were stiffened, 
thus pushing the body upward. From the 
8pinnerets at the apex of the abdomen a sin- 
gle thread was ejected and rapidly drawn out 
by the breeze, often to the length of five ()r 
even six feet. Gradual1y the legs were in- 
clined in the direction of the breeze, and the 
joints straightened out. The foremost pair 
of legs sank almost to the level of the post. 
Suddenly the eight claws were released and 
the spider mounted with a bound into the air, 
and was quickly carried out of view. The 
author distinctly noticed that at the instant 
of beginning its aërial journey, the spider 
would make an upward spring. He was also 
so fortunate as to be able to follow the flight 
of a spider for a distance of about eighty 
feet, and observed that the position of the 



body was soon reversed, that is, with the 
head turned in the direction toward which 
the wind was blowing. Thus the long thread 
which streamed out above the aëronaut in- 
clined forward, and at the top was in ad- 
vance of its head. It was also observed 
that the legs were spread out, and that they 
had been united at the feet by delicate 
filaments of silk; this gave to the body in- 
creased buoyancy, owing to the increased 
surface thus offered to the resistance of the 
air. Before, or rather during its descent to 
the earth, a small white ball of silk was 
seen accumulated at the mouth of the 
spider, which, with the peculiar movements 
of the forefeet, palps, and mandibles, sug- 
gested the drawing i!1 of a thread. The 
spider was, so to speak, taking in sail. THE Parkes 
Iuseum of Hygiene at Un i- 
Exactly the same effect was thus produced versit l y .College, London, is approaching 
d . k ' I comp etlOn. The council of the college 
by the spider aëronaut, an by a strI mg y have devoted an area of 3,500 feet for the 
analogous mode, as the human aëronaut ae- . use of the museum, which is divided into a 
eomplishes when he contracts the surface of ! library and eight classes. 
his balloon by causing the inflating gas to f T h . k f th 1 f 
HE t 1C 
ness 0 e eoa .measures 0 
escape. I Missouri is, accorùing to Prof. Broadhead, 
in the 
Vestern Review of Science, for "the 
upper measures, 1,300 feet; for the middle 
measures, 323 feet; and for the lower 
measures, 290 feet. 
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ernment early in the eighteenth century. It 
comprises about 6,000 volumes. A copy of 
the work is on sale in Peking, and the British 
Museum has entered into negotiations for 
its purchase. 
DURING the year 1876, in India, 4.8,000 
cattle were destroyed by wild animals and 
venomous snakes; 22,357 wild animals and 
270 185 poisonous snakes were killed at a 
cost of 120,015 rupees for bounties. In 
1877, 19,273 persons were killed, and 54,- 
830 cattle were destroyed. 


REGULAR profesRorships of hygiene are 
to be established in the universities of Hol- 
land. The Faculty of the University of 
Utrecht has unanimously chosen Dr. Lud- 
wig Hirt, of Bl'eslau, to fill the new chair in 
that university. 


NOTES. I WHILE collecting corals on the reefs of 
Florida ?trr. Pourtalès often felt the urticat- 
MA
Y of the ills and diseases prevalent iner effects of contact of the hands with 
among women in our day are, no 
oubt, I mnlepora. It occurred to him to try the 
traceable to the sedentary mode of hfe so I effect of applyin
 a fresh piece of mille- 
common among them. The progress of pora to the tonO'ue when "instantly" he 
modern industrial art has done away w.ith writes," a mos{' se
ere pain shot n
t on- 
much of the household 
rudgery to whICh ly through that organ, but also throug-h 
women were formerly subJected, and the.re- the jaws and tceth. The whole course of 
suIt is in too many cases want of suffictent the dental nerves and their' ramifications 
oce.upation 
or needed bo?ily exercis
. . The into every single tooth could be distinctly 
fmits of this state o( thmgs are strIkmgly and painfully felt." The pain remained Be- 
exhibited in certain observations made by vere for about half an hour, but the sensa- 
the late Mr. Rohertson, a Manchester sur- tion was perceptible for five or six hours. 
geon, who in his practice as a specialist for 
women's diseases found that in women who 
them=,clves performed aU their householti 
work there was no trace of certain com- 
plaints; that these complaints be
iD to 
make their appearance in women with one 
servant, become more pronounced in wom- 
en who have two servants, or worse still 
with those who have three servants, and so 
on. He showed statistically that the deaths 
from childbirth were four times greater in 
the rase of women with four servants than 
those with none. 


No doubt the most voluminous compila- 
tion in any language is the U Illustrated Im- 
perial Collection of Ancient and Modern 
Literature," published by the Chinese Gov- 


THE President of the American Associa- 
tion for the CUl'e of Inebriates in his anniver. 
saryaddress quotes Dr. 
Iagnus Huss as au- 
thority for the statement that in Sweden 
1,500,000 per
ons-about one.half the p
pu- 
lation-annually consume 140 to 170 pmts 
of spirits each. By their indulgence in stron
 
drink the Swedes have deteriorated in st.at- 
ure and physical stren
th; new. diseases 
have appeared, and old ODes have mereased 
fearfully. 


A su:mIER school of zoölogy will next 
summer be stationed either on one of the 
Bahama Islands or at some point on onr 
Southern coast, for the benefit of students 
of ("nion College, Schenectady. 
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THE Dean of Carlisle, Dr. Close, havin
 
made a violent attack on the practice of 
vivisection, denouncing it as a crime in the 
sight of that God" who careth for the spar- 
rows" the Lancet very wittily retorts by 
quoting another Scriptural passage which 
the anti-vivisectionists are too prone to over- 
look: ".Men are of more value than many 
sparrows." 


EXPERIMEKTS made by Astasheffsky go 
to prove that the sa1iva of the rat possesses 
very strong diastatic activity - in other 
words, very rapidly converts starch into 
glucose; and that, as a general 
le, the 
saliva of the rodents holds the foremost 
place a
 regards the mammalia; next comes 
that of the carnivora; and lastly that of the 
berbivora-the latter being decidedly the 
weakest of the three. 


A WRITER in the School Journal would 
have all school chairs or seats on their front 
edge not more than one-quarter the heigbt 
of the occupant, or of such a height that 
when sitting well back the heels of the sit- 
ter may touch tbe floor at a distance in 
front of the seat equal to the height of the 
seat. This it is claimed allows the point of 
support to be changed for the sake of com- 
fort and yet allows no unhealthy pressure. 
The'width of the seat should equal its height; 
the slant should be about three-quarters 
of an inch to the foot; the surface should 
be flat. The back should be not less than 
one-tenth in excess of the height of the 
seat, so as to give full support to the shoul- 
der-blades; it should slant about two and a 
half inches to the foot. The desk at the edge 
next the sitter should be five-thirds the height 
of the hiO'hest edge of the seat; its slant 
should be 0 about one inch to the foot; its 
lower edge 8hould stand directly above tbe 
front edge of the seat. 
THE cremation of the dead on battle- 
fields i
 strongly advocated by 1\11'. 'Villiam 
Eassie in an address to a sanitary congress 
in England. He is confident that by means 
of portable crematories he could reduce to 
ashes 10,000 bodies in as many minutes of 
time. Interment of bodies by thousands 
must of necessity pollute the springs and 
contaminate the air. 


THE building recently opened and dedi- 
cated in New York City for the use of the 
American )Iuseum of Xatural History con- 
sists of three stories, besides the basement 
and attic. These three stories constitute 
three halls each 60 feet wide and 1'70 feet 
, .. 
long access being had by staIrways III a 
to'W
r at one end. The present building 
forms only a small part of a vast struct- 
ure which it is designed to erect. The 
ground-plan of the future Museum may 


be described as a cross inclosed within a 
square. The portion of the structure now 
completed will form the northern end of 
the cross. The ground to be covered and 
inclosed by the buildings wilJ be 850 feet in 
length by 650 feet in width. 


A ROOF of zinc-coated sheet-iron, says 
the Polytechnic Review, does not wear out 
from oxidation, and does not crumble as 
does sheet-tin from the repeated contraction 
and expansion produced by changes of tem- 
perature. In Vienna and in Prague the 
manufacture of this roofing material is a 
growing industry. 


THE year 187'7 showed a very consider- 
able increase in the production of cocoon- 
silk in France over the preceding year, viz. : 
in 1876 the product was 2,396,000 kilo- 
grammes, but last year it was 6,'783,000 
kilogrammes. But this industry has let to 
struggle hard if it is to attain in France 
its former condition, when the annual 
yield of cocoons was over 25,000,000 kilo- 
grammes. 


THE leather covers of books in public 
libraries suffer very much from the action 
of the combustion-products of coal-gas. Ac- 
cording to Prof. A. H. Church, vellum ap- 
pears to be unaffected by this cause; but 
calf is much injured, and russia still more 
so. Most damage is done to the books in 
the upper shelves of a library, where the 
heated products of combustion are mostly 
condensed and absorbed. The sulphur of 
the gas is the principal cause of its destruc- 
tive influence. Analysis of watery extract 
of leather injured by this cause showed that 
sulphuric acid, free and combined, was pres- 
ent in the proportion of 8.42 per cent. 


THE truth of the 
erm-theory of disease 
would seem to be demonstrated, at least 
with regard to one disea
e-splenic fevcr- 
by the researches of Dr. Koch. . In cases of 
this disease, there accumulates III the blood 
and tissues, but cf'pecially in the Fp]een, a 
peculiar kind of .bacte
ia-Ba:illus 
ntltra- 
cis. On inoculatmg ammals wIth flUId con- 
taining either the bacilli themselves or their 
spores, Dr. Koch produced all the phenom- 
ena of splenic fever. 


AN Italian chemist, Paesi, proposes to 
substitute for the tannin-bath in tLe manu- 
facture ot'leatber, a solution, in water! of 
perchloride of iron and common salt. HIdes 
may be tanned, according to this process, 
in from four to six months. Moreover, the 
perchloride of iron, being a powerful disin- 
fectant doe
 away with lDany objection3ble 
feature
 of the tanning business as hitherto 
conducted. 
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